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INTELLIGENT POWER PRODUCTS 


Harris Semiconductor is a pioneer in developing and producing advanced Intelligent 
Power products for the most demanding commercial, industrial and automotive 
applications in this world -- and beyond. 


This databook fully describes Harris Semiconductor’s line of Intelligent Power prod- 
ucts. It includes a complete set of data sheets for product specifications, application 
notes with design details for specific applications of Harris products, and a descrip- 
tion of the Harris quality and high reliability program. 


Harris Semiconductor also offers an extensive line of power discrete components. 
These devices (MOSFETs, MegaFETs, L?FETs, enhanced-mode insulated gate 
bipolar transistors, ruggedized power MOSFETs and advanced eee) can be 
found in the Harris Power MOSFETs catalog. 


This book is divide into 13 major sections. Section 1 contains a complete index of 
types. Sections 2 through 9 cover each major category of devices offered by Harris 
Intelligent Power. Section 10 provides additional application notes to supplement the 
data sheets. Harris Quality and Reliability, Packaging and Ordering Information and 
Sales Offices appear in Section 11, 12 and 13 respectively. 


It is our intention to provide you with the most up-to-date information on Intelligent 
Power Products. For complete, current and detailed technical specifications on any 
Harris devices please contact the nearest Harris sales, representative or distributor 
office; or direct literature requests to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS CB1-28 
Melbourne, FL 32901 
(407) 724-3739 
FAX 407-724-3937 


Harris Semiconductor products are sold by description only. All specifications in this product 
guide are applicable only to packaged products; specifications for die are available upon 
request. Harris reserves the right to make changes in circuit design, specifications and other 
information at any time without prior notice. Accordingly, the reader is cautioned to verify that 
information in this publication is current before placing orders. Reference to products of other 
manufacturers are solely for convenience of comparison and do not imply total equivalency of 
design, performance, or otherwise. | 
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TECHNICAL ASSISTANCE 


For technical assistance on the Harris products listed in this databook, 
please contact the Field Applications Engineering staff available at one of the follow- 
ing Harris Sales Offices: 


UNITED STATES 
CALIFORNIA Costa. MCS: i504 6aega Gana ee es 714-433-0667 
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MASSACHUSETTS BUNninGion 232-2 deuce ieds Fae kes 617-221-1850 
NEW JERSEY Mt. Laurel... ........... Te CTT eee 609-727-1909 
NEW YORK Great NECK ise aiben eonamwehd Vedat 516-829-9441 
TEXAS Dalla $5 sity ne awit cee athe ws 214-733-0800 

| INTERNATIONAL 
FRANCE Bec ee eee oak irr Seen re ee eee eee 33-1-346-54046 
GERMANY MURICK fs ii coiced a wraweeae caer: 49-8-963-8130 
HONG KONG KOWOR 226.020 hoot aoe aby axe 852-723-6339 
ITALY MANO es ie edad cocetich Gr in ey es 39-2-262-22141 
JAPAN MOKY Oise ain carats onc aiid a aaa tte wrens 81-3-345-8911 
KOREA SEOUl cso raloaween naar aed’ 82-2-551-0931 
UNITED KINGDOM Camberley..............0 eee eens 44-2-766-86886 


For literature requests, please contact Harris at 407-724-3739. 
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Pop CA3242 


Quad-Gated Inverting Power Driver For 
May 1992 Interfacing Low-Level Logic to High Current Load 


Features Description 


¢« Driven Outputs Capable of Switching 600mA Load The CA3242 quad-gated inverting power driver contains four 

Currents Without Spurious Changes in Output State gate switches for interfacing low-level logic to inductive and 

, resistive loads such as: relays, solenoids, AC and DC 

inputs Compatible wit, TEE Or ovo CMOs Logie motors, heaters, incandescent displays, and vacuum fluores- 
Suitable for Resistive or Inductive Loads cent displays. 


Output Overload Protection Output overload protection is provided when the load current 
(approximately 1.2A) causes the output Vc¢(sat) to rise 
above 1.3V. A built-in time delay, nominally 25s, is provided 
: : during output turn-on as output drops from Vpp to Vsar. That 
Applications output will be shut down by its protection network without 
affecting the other outputs. The corresponding Input or 


Power-Frame Construction for Good Heat Dissipation 


e Relays 


Enable must be toggled to reset the output protection circuit. tw Hf 
selene!’ Steering diodes in the outputs in conjunction with external 7) 5 
AC and DC Motors zener diodes protect the IC against voltage transients due to sek 
switching inductive loads. Os 
Heaters oN 


To allow for maximum heat transfer from the chip, the two 
center leads are directly connected to the die mounting pad. 
Vacuum Fluorescent Displays In free air, junction-to-air thermal resistance (Raya) is 50°C/ 
W (typical), This coefficient can be lowered to 40°C/W (typi- 
cal) by suitable design of the PC board to which the CA3242 
is soldered. 


Incandescent Displays 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE PACKAGE 


CA3242E -40°C to +105°C | 16 Lead Plastic DIP 


Pinout Block Diagram 


16 LEAD DUAL-IN-LINE 
PLASTIC PACKAGE (E SUFFIX) 
TOP VIEW 


TRUTH TABLE 


[ewnace yw [our 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 1 561 1 
Copyright © Harris Corporation 1992 2.3 


Specifications CA3242 


Absolute Information (T, = +25°C) Unless Otherwise Specified 


Logic Supply Voltage, Vog . 1... cece eee cece eee eens 7V_ Ambient Temperature Range 
Logic Input Voltage, Viy ...... Reasusenes ree Bares igedete 15V Operating nin ncaveaueremensavamacot ada’: -40°C to +105°C 
Output Voltage, Voex ... ee eee ee ee eee Beteeeeeauas 50Vpc +=] Ce] ¢: ||: ae en ee i Seb bathe tae tess -55°C to +150°C 
Output Sustaining Voltage, Voesys ..-- +e eee eee erence 35Vp¢ Maximum Junction Temperature, Ty..............000ee +150°C 
Output CUMENEG lois cn eoge ie Gre G ane oO Se F eeree cere 1Apc¢. Maximum Thermal Resistance 
Power Dissipation, Pp | Junction-to-Air, Oya... 2. cece cee ce cee cence eee 60°C/W 
UD I0G0°G wot oleeet ceca ewnemieetGartaias cenes 1.5W Junction-to-Case, 8), to pins 4, 5,12, 13 atseat....... 12°C/W 
Above 60°C...........0.eces Derate Linearly at 16.6mW/C Lead Temperature (During Soldering) 
Up to 90°C wheat sink (PC Board) ...............000- 1.5W At distance 1/16” + 1/32” (1.59 + 0.79mm) from 
Above 90°C w/heat sink (PC board) .. Derate Linearly at 25mW/C case for 108 Wax 2.2 cs 6 ex.cecse baa sa losa dese Seiad +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = -40°C to +105°C, Voc = 5V Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Output Leakage Current 


entero | 
[rentovonen | 


Vit 
Mie 
Vin 
Supply Current ON Io = 700MA, Voc = Vin = 5.5V 


Supply Current OFF Icc(oFF) 


Clamp Diode Leakage Current Va = 50V 


Clamp Diode Forward Voltage IrF=1A 


le = 1.5A 


Turn-On Delay : 


Turn-Off Delay 
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CA3242 


ENABLE 
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INPUT 


FIGURE 2. LOGIC DIAGRAM FOR EACH OUTPUT 


INC. LITE 


FLOATING 
SOLENOID 


GROUND- 
SOLENOID 


MISC. SWITCHING 
APPLICATIONS 


FIGURE 4. TYPICAL APPLICATIONS FOR THE CA3242 
QUAD DRIVER 


MOTOR 
FWD/REV 


H-DRIVER 


FIGURE 3. TYPICAL APPLICATIONS FOR THE CA3242 QUAD 


rT LATCH - 1 
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fearen-s} 


ENABLE 


FIGURE 5. TYPICAL APPLICATIONS FOR THE CA3242 
QUAD DRIVER 
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CA3262 


Quad-Gated Inverting Power Driver 


Features 


¢ Independent Over-Current Limiting On Each Output 

e Independent Over-Temperature Limiting On Each Output 
¢ Output Drivers Capable of Switching 700mA Load 

¢ Inputs Compatible With TTL or 5V CMOS Logic 

e Suitable For Resistive, Lamp or Inductive Loads 

-e Power-Frame Construction For Good Heat Dissipation 
¢ Operational Temperature Ranges 


& \CAS262R iis ei Poa te dank es -40°C to +125°C 
SIG A S262 i Saw icaates soe eee es vase -40°C to +85°C 

Applications System Applications 

¢ Solenoid ¢ Automotive 

e Relay e Appliance 

e Light e Industrial Control 

e Steppers ¢ Robotics 

e Motors 

¢ Displays 


Ordering Information 


Pinouts 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


PART TEMPERATURE 
NUMBER RANGE PACKAGE 
CA3262E -40°C to +85°C 16 Pin DIP 


CA3262AE -40°C to +125°C 16 Pin DIP 
CA3262AQ -40°C to +125°C 28 Pin PLCC 


16 LEAD (DIP (E SUFFIX) 
TOP VIEW 


6] INA 
15] INB 
14] ENABLE 
73] GND 
2] GND 
Voc 


0] INC 


IND 


Description 


The CA38262 is used to interface Low-Level Logic to High 
Current Loads. Each Power Driver has four inverting 
switches consisting of a non-inverting logic input stage and 
an inverting low-side driver output stage. All input stages 
have a common enable input. Each output device has inde- 
pendent current limiting (I, j\y4) and thermal limiting (T,\,4) for 
protection from over-load conditions. Steering diodes in the 
outputs are used in conjunction with external zener diodes to 
protect the IC against over-voltage transients due switching 
of inductive loads. To allow for maximum heat transfer from 
the chip, all ground pins on the DIP and PLCC package are 
directly connected to the mounting pad of the chip. 


The CA3262 can drive four incandescent lamp loads without 
modulating their brilliance when the “cold” lamps are 
energized. 


Outputs can be paralleled to drive large loads. The 
maximum output current is determined by the minimum limit 
for over-current limiting which is typically 1.2 Amps but may 
be as low as 0.7 Amps. 


The best choice for over-voltage protection is to provide 
zener clamping diodes connected to the CLAMP pins with 
inductive loads. A typical zener diode voltage value for the 
CA3262 is 30 Volts or a value sufficient to guarantee that the 
CA3262 output does not exceed the sustaining voltage limit 
of 40 Volts when the zener diode is conducting. (Continued 
on 2-8) 


28 LEAD PLCC (Q SUFFIX) 
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TOP VIEW 
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FileNumber 1836.1 
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QO 
”) 
= 
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SWITCHES 


CA3262 


Functional Block Diagram 


NOTES: 
1. Pins 4, 5, 12, 13 ground (Package E) 
2. Pins 5-11, 19-25 ground (Package Q) 


8 
9 OUT D 
(14) 


3. Pin numbers in parentheses apply to the Plastic 28 Leaded Chip Carrier (PLCC) 


TRUTH TABLE 


H = High, L = Low, X = Don't Care 


Description (Continued) 


Over-voltage protection may or may-not be satisfied by 
connecting the CLAMP pin to a positive voltage equal or 
greater than the output load power supply. In many 
applications transient variations and non-tracking conditions 
may allow forward conduction through the steering diodes, 
further up-setting an unstable condition. 


Current-limiting is provided as protection for shorted or over- 
loaded output conditions. Voltage is sampled across a small 
metal resistor in the emitter of each output stage. When the 
voltage exceeds a preset comparator level, drive is reduced 
to the output. Current limiting is sustained unless thermal 
conditions exceed the preset thermal shutdown temperature 
of 155°C. 


If an output is shorted, the remaining three outputs will 
continue to function normally unless the continued heat 
spreading is sufficient to raise the junction temperature at 


any other output to a level greater than 155°C. High ambient 
temperature conditions may allow this to happen. The 
degree of interaction is minimized by separation of the 
Output devices, each to a separate corner of the chip. The 
Output stage does not oscillate when in the current limiting or 
thermal limiting mode. 


As noted, the thermal resistance of both the DIP and PLCC 
packages are improved by direct connection of the leads to 
the chip mounting pad. In free air, the junction-to-air thermal 
resistance, 8), is 50°C/W (typical) for the DIP package and 
40°C/W (typical) for the PLCC package. This coefficient can 
be lowered to 40°C/W and 30°C/W respectively by suitable 
design of the PC board to which the CA3262 is soldered. 
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Specifications CA3262 


Absolute Maximum Ratings 


Logic Supply Voltage, Vog 1... ccc cee cece tee eee 7.0V Power Dissipation, Pp: 
Logic Input Voltage, Viy i... ee cee eee ee eee ee ee ee eee 15V CA3262E, CA3262AE: 
Output Voltage, Vogy . 6. cee cece cece eee e eee eeees 60V Upto +60°C (Free Air)... .. cc cece cee eee 1.5W 
Output Sustaining Voltage, Vcgsus) «++ +e eee eee te ee eee 40V Above +60°C: ...........000: Derate Linearly at 16.6mW/°C 
Output Curent, loinovncke iaow os eG wd Seas tre, Saaw Ws 1A Up to +90°C wheat sink (PC Board): ..............05. 1.5W 
Storage Temperature Range ................- -65°C to +150°C Above +90°C; 
Operating Temperature Range: w/heat sink (PC Board):.......... Derate Linearly at 25mW/°C 
CA3262AE, CAS262AQ .... 1... eee eee eee -40°C to +125°C CA3262AQ: 
CAS262E ~..is nkoanan chew ieee k oieed oes -40°C to +85°C Up to +85°C (Free Air): 2... ccc cece eee eee 1.5W 
Thermal Resistance, 6;,: Above +85°C: . 0... cece cee ee Derate Linearly at 23mW/°C 
CAB262AO. surcieh Sationwale Mine ation aln bakes dee 43°C/W Up to +105°C with heat sink (PC Board): .............. 1.5W 
CAS262E; CAS262AE. 255 0650cuS corto Bebe Ns 60°C/W Above +105°C; 
Maximum Junction Temperature ............-.. eee eee +150°C with heat sink (PC Board):........ Derate Linearly at 33mW/°C 
Lead Temperature (Soldering 10s)............ aoniecaeind +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At Voc = 5.5V, Ta = -40°C to +125°C, CA3262A; T, = -40°C to +85°C for CA3262 


PARAMETERS SYMBOL TEST CONDITIONS 


Output Leakage Current Voge = 60V, VENABLE = 0.8V 
Output Sustaining Voltage Ic = 40mA 


Collector Emitter Saturation Vcesar) | Vin =2V, Voc = 4.75V 
lo = 100mA 
lc = 200MA 
Ic = 8300mA 
lc = 400mA 
Ic = 500mA 
Ic = 600mA 
Io = 700MA, Ta = -40°C 


UNITS 


> 


Voltage (See Figure 5) 

Input Low Voltage | Vw 

Input Low Current Pte. | Vin = 0.8V 

Input High Current = s= Vin = VENABLE = 9-9V, Io = 600MA 


Supply Current All Outputs ON loc(on) VIN = 2V, VENABLE = 5.5V, 
(See Figure 4) louta = louts = loute = lourp = 250MA 
Supply Current All Outputs OFF | Icciorr) | Vin = OV 

(See Figure 4) 


Vit 
Nie 
ly 
ee er tear 


Clamp Diode Forward Voltage 
hina 
por |= [efor 


DESIGN PARAMETER 


Over Temperature Limiting Tum 155 155 °C 
(Junction Temperature) 
NOTE: 


1. With voltage on the collector of the output transistor as indicated (Voy7 = 4.5V to 24.5V) and with that output transistor turned on, the 
current will increase to a limiting value which will be a value of 0.7 A, minimum. That output will shortly thereafter (approx. 5ms) go into 
over-temperature limiting. (Excessive dissipation during thermal limiting may damage the chip.) 


eleh ch hfs [aL TE 
So 
= 
~< 
eLeeL Pheer Tee Tepe [a] TE 
=< 
U 
mw] = = © 2 S|olre 
ma] N >) on pb nag HS Bar 
| </-|5] 3] 3]5//|<1]<|</}<l]< |-{3[8 


LOW SIDE 
SWITCHES 


CA3262 


© vec 


CONSTANT 
CURRENT @ a) @& 
SOURCES 
REFERENCE 


INPUT () , VOLTAGE 


1.2 VOLTS 


ENABLE () 
TO SUBSEQUENT STAGES 


FIGURE 1. CA3262 EQUIVALENT SCHEMATIC OF ONE INPUT STAGE 


meaeaeewtrewewewrewe even eetwreurwrnewetren eee ereuwrreeeanewewnwre wren envweaas 


a 
noo? 
—_ 
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= 
Pao 
ch 


PINS 4, 5, 12 & 13 GROUND (PACKAGE E) 
PINS 5-11 & 19-25 GROUND (PACKAGE Q) 
RO ee ee ee ee ee PIN #’S IN PARENTHESIS APPLY TO PACKAGE Q 


TTL OR O VBATT 
CMOS 
LOGIC 
LEVEL 
INPUTS (4) MOTOR 
HIGH CURRENT 
2 HIGH SIDE DR 
(27) | = L 
\ (3) 
\ 
4 (A) 
16 (2) LAMP vBATT [71 
ne N 
(28) 3 ; = 
\ 
\ N 
\ ’ 
: \ 
N \ 
L \ 


FIGURE 2. QUAD-GATED INVERTING POWER DRIVER (QDR) SCHEMATIC WITH TYPICAL 
LOAD-DRIVE APPLICATIONS SHOWN. (SEE FIGURE 3) 


EACH OF THE QDR OUTPUTS SHOWN IN FIG 31S A 
COMPOSITE CIRCUIT WITH OVER-TEMPERATURE 9 ‘=>> ~~ >>> aon nnn nt rn tt tenpr ttt 
SENSE FOR THERMAL LIMITING & OVER-CURRENT | 
SENSE TO PROVIDE CURRENT LIMITING = 


BANDGAP 
VOLT. REF. 


cer aenraenaen aaa nahaowanwone 


FIGURE 3. QUAD-GATED INVERTING POWER DRIVER (QDR) 
OUTPUT EQUIVALENT CIRCUIT 
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SUPPLY CURRENT (Icc)- mA 


PROPAGATION DELAY TIME (Iq) - ps 


CA3262 


mA (EACH) 


-40 -20 0 20 40 60 980 100 
AMBIENT TEMPERATURE (Ta) - °C 


FIGURE 4. TYPICAL SUPPLY CURRENT (PIN 11) 
CHARACTERISTICS 


120 140 


9, 10, 15, 16 
(16) (17) (27) (28) | tpHt j~<— ss |tpipy| —~<— 
Vout | (OFF) 
1,3,6,8 : 
(2) (4) (12) (14) (ON) _“X_50% 50% 


-40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (Ta) - °C 


FIGURE6. TYPICAL PROPAGATION DELAY TIME 
CHARACTERISTICS 


1.5 


0.5 


PACKAGE DISSIPATION (WATTS) 


-50°C o°Cc 


COLLECTOR-TO-EMITTER SATURATION VOLTAGE 


CLAMP DIODE FORWARD VOLTAGE (Vr) - V 


-40 -20 0 20 40 60 80 100 120 140 


AMBIENT TEMPERATURE (Ta) - °C 


FIGURE 5. TYPICAL COLLECTOR-TO-EMITTER SATURA- 
TION VOLTAGE CHARACTERISTICS IN 
QUAD-GATED INVERTING POWER DRIVER 
OUTPUT 


40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (Ta) - °C 


FIGURE 7. TYPICAL CLAMP-DIODE FORWARD 
VOLTAGE CHARACTERISTICS 


1 324 


1 - CA3262E, CA3262AE W/O HEAT SINK 
2 - CA3262E, CA3262AE WITH PC BOARD HEAT SINK 
3 - CA3262AQ W/O HEAT SINK 
4 - CA3262AQ WITH PC BOARD HEAT SINK 


50°C 
AMBIENT TEMPERATURE (°C) 
FIGURE 8. PACKAGE DISSIPATION RATING CHART 


100°C 150°C 


LOW SIDE 
SWITCHES 
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May 1992 


HARRIS 


SEMICONDUCTOR 


CA3272 


Quad-Gated Inverting Power Driver With 
Fault Mode Diagnostic Flag Output 


Features 
¢ Independent Over-Current Limiting on Each Output 


e Independent Over-Temperature Shutdown With Hys- 
teresis on Each Output 


Capable of Switching 600mA Load Currents 
Inputs Compatible With TTL or 5 Volt CMOS Logic 


e¢ Suitable For Resistive or Inductive Loads 
¢ Power-Frame Construction for Good Heat Dissipation 
Fault Mode Output Flag 


Operating Temperature Range...... -40°C to +125°C 


Description 


The CA3272 quad-power NAND driver contains four NAND- 
gate switches for interfacing low-level logic to inductive and 
resistive loads such as: relays, solenoids, AC and DC 
motors, heaters, incandescent displays, and vacuum fluo- 
rescent displays. 


To allow for maximum heat transfer from the chip, all ground 
leads are directly connected to the die substrate and to the 
ground bond pads. In free air, junction-to-air thermal resis- 
tance (Rea) is 40°C/W (typical). 


This coefficient can be lowered to 30°C/W (typical) by 
suitable design of the PC board to which the CA3272 is 
soldered. 


The individual outputs are protected with over-current limit- 
ing (IL) and over-temperature (Ty) shutdown. Any one 
output that faults (see Fault Logic Table) will switch Pin1toa 


If an output load is shorted, the remaining three outputs 
function normally unless the junction temperature (typically 
+165°C) of those outputs is exceeded. The output stage 
does not change state (oscillate) when in the current limit 


Applications — System Shennan 
¢ Solenoid e Automotive 
constant current pulldown. 
e Relay ¢ Appliance 
e Light > e Industrial Control 
¢ Steppers e Robotics 
¢ Motors 
| mode. 
e Displays 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE PACKAGE 


CA3272 -40°C to +125°C 28 Lead PLCC 


Pinout 


All inputs and enable have internal pulldowns to turn “off’ the 
outputs when inputs are floating. 


The CA3272 can drive four incandescent ane loads without 
modulating their brilliance when “cold” lamps are energized. 
Outputs can be “ganged” to drive large loads. 


The CA3272 is supplied in a plastic 28 leaded chip carrier, 
PLCC (Q suffix). 


PLASTIC 28 LEADED CHIP CARRIER (PLCC) 


(Q SUFFIX) 


a 
a 
ro) 
Oo 
INDEX 4] 


GND [5 | 


GND [6] 
GND 


GND[®, 
GND 
GND [10 
GND [ii] 


12) 14) 
Oo oO Qa 
rF 2 ese 
> > 
ce) Oo 


2 


16} ft7} [is 
Qa oO oO 
zzy 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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2223.1 


File Number 


Block Diagram 


IND 


INC 


INB 


H 


Le aan a es ee 
L 


CA3272 


14 
be . 
OUT D 


LOW SIDE 
SWITCHES 


GROUND PINS 5 - 11, 19 - 25 


TRUTH TABLE 


OUT 


H = High, L = Low, X = Don’t Care 


FAULT LOGIC TABLE 


Over Current, Over Tempera- 


ture or Short to Power Supply 
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Specifications CA3272 


Absolute Maximum Ratings (T, = +25°C) Unless Otherwise Specified 


Logic Supply Voltage, Veg... ccc cece cece eee ee eee eens 7V Ambient Temperature Range 

Logic Input Voltage, Viy ....-. eee cece eee ce eee eee eens 15V Operating: ctvoramc ace parses eager eseee -40°C to +125°C 
Output Voltage, Voex ... eee ee eee ee tee eee eens -12, +50Vpoc SIQMAGG 44.022 vd Gry wat co wama ee ees -55°C to +150°C 
Output Sustaining Voltage, Vce(sus) - +--+ ++ eee eee eee 40Vpc Maximum Junction Temperature, Ty.............0.e0e. +150°C 
Output Current, loess tse i sari eh ati seeee meres 1.6Ap¢ Maximum Thermal Resistance 

Power Dissipation, Pp JUNGION-tO-AIl, Oy p86 craciian legac ed so4 nan: 43°C/W 
Ub10'SS Caxias dks aeeteeesuets Sos mieecaseniees 1.5W Lead Temperature (During Soldering) 

Above 85°C .......... ccc eee eee Derate Linearly at 23mW/°C At distance '/,_ + '/30" (1.59 + 0.79mm) from 

Up to 105°C w/Heat Sink (PC Board)...............00005 1.5W CASOIOR 10S Maki. 533504 bee Se bea aa sac siete +265°C 


Above 105°C w/Heat Sink (PC Board)... .Derate Linearly at 383mW/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = -40°C to +125°C, Vcc = 5V Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN) | MAX | UNITS 


Output Leakage Current Voge = 50V, Venasie = 0-8V p= | 100 | pA | 


lo = 400A, Vin = 2V, Voc = 4.75V, Ty = +125°C 


< 


Collector Emitter Saturation Voltage VcE(SAT) 0.4 


lo = 500mA, Vin = 2V, Veco = 4.75V, Ta = +25°C 


Ic = 600MA, Vin = 2V, Veg = 4.75V, Ts = -40°C 


Input Low Voltage Vit 


Input Low Current 


fie Vin = 0.8V 
Vin = 5.5V, VENABLE = 5.5V 


Supply Current ON (All Outputs ON) loc(on) lour(A, B, C, D) = 250mA, Viq = 2V 
VENABLE = 9.5V 


Input High Voltage 


2 
Input High Current 10 


Supply Current OFF 
(All Outputs OFF) 


Turn-On Delay teHL tei 


Over Current Limiting” 
(For Each Output) 


Fault Output lLoap = SOWA 


= = 


1 
0. 


Vout = 4.5V to 24.5V, A, (Min) = 4 0.7 
40 


Output Sense Thresholds 


Input = 2V Min 
Input = 0.8V Max 


* With voltage on the collector of the output transistor as indicated (Voyz = 4.5V to 24.5V) and with that output transistor turned on, the current 
will increase to a limiting value which will be a value of 0.7A minimum. That output will shortly («S5ms) thereafter go into over temperature 
shutdown. (Excessive dissipation during thermal shutdown may damage the chip.) 


lo. 
VoL 
Mut 
Vir 


V 


DESIGN PARAMETER 


Over Temperature Limiting 
(Junction Temperature) 


Q) 
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CA3272 


Vcc 
18 |] CONSTANT 


(+) CURRENT 
SOURCE 


REFERENCE 


VOLTAGE 
CMOS 
1.2V oR 
TO LoGIc 
\ SUBSEQUENT LEVEL 
STAGES INPUTS 
ENABLE 
26 
* INPUT AND ENABLE PULLDOWN SOURCES 
FORCE OUTPUT TURN-OFF FOR 
= = UNTERMINATED INPUTS. 
GROUNDED 
=. ah = SOLENOID —L 
FIGURE 1. SCHEMATIC OF ONE INPUT SECTION FIGURE 2. QUAD-GATED INVERTING POWER DRIVER 
(QDR) SCHEMATIC WITH TYPICAL LOAD-DRIVE 
APPLICATIONS SHOWN (SEE FIGURE 3) 
FAULT FROM 
OTHER CHANNELS 
—— 


THERMAL 
SHUTDOWN 
WITH 
HYSTERESIS 


O OUTPUT 


INPUT o 
ENABLEO 


NADIE OUTPUT ee 
CURRENT 
CHANNELS LIMIT 


FIGURE 3. QUAD-GATED INVERTING POWER DRIVER (QDR) OUTPUT EQUIVALENT CIRCUIT. THE FAULT 
OUTPUT REQUIRES A PULL-UP LOAD SUCH AS AN EXTERNAL RESISTOR (Rey). A CAPACITOR, 
Cex, SHOULD BE USED TO SUPPRESS SWITCHING SPIKES 


LOW SIDE 
SWITCHES 


a HARRIS CA3282 


PRELIMINARY CMOS Octal Serial 


May 1992 solenoid Driver 
Features : Description 
e Eight Open Collector Drivers _ The CA3282 is a logic controlled, eight channel octal serial 


solenoid driver. The serial peripheral interface (SPI) utilized 
¢ Capable of 1A Per Output by the CA3282 is a serial synchronous bus compatible with 
¢ Capable of 0.5A All Outputs “ON” . Harris CDP68HCO5, or equivalent, microcomputers. The 
functional diagram for the CA3282 is shown in Figure 1. 


* Transient Protection Each of the open collector output drivers has individual pro- 


¢ Current Limiting tection for over voltage and over current; each output chan- 
nel has separate output latch control. Under normal ON 
¢ Individual Output Latch | conditions, each output driver is in a low, saturation state. 
e Individual Fault Unlatch & Feedback Comparators in the diagnostic circuitry monitor the output 
drivers to determine if an out of saturation condition exists. If 
¢ Common Reset Line a comparator senses a fault, the respective output driver is 
¢ Operating Temperature Range....... 40°C to +125°C unlatched. In addition, over current protection is provided 
with current limiting in each output, independent of the diag- 
e High Voltage Power BiIMOS | nostic feedback loop. 
The CA3282 is fabricated in a Power BiMOS IC process, and - 
A pplications is intended for use in automotive and other applications hav- 
ing a wide range of temperature and electrical stress condi- 
¢ Logic & .P Controlled Drivers tions. It is particularly suited for driving lamps, relays, and 
* Solenoids, Relays & Lamp Drivers solenoids in applications where low operating power, high 
: breakdown voltage, and high output current at high tempera- 
e Automotive & Industrial Systems tures is required. 
¢ Robotic Controls The CA3282 is supplied in 15 lead Power SIP package with 


lead forms for either vertical or surface mount. 


Pinout | Block Diagram 


15+". OUTPUT 4 


TRANSIENT 
13/-——— OUTPUT 6 a 5 
RESET =e 
107" vob EO 
Se a 9 F——— iso = SHIFT OUTPUT ot 
CAE) Bye) BE 8 -——— vss mosi-p| © E-{REGISTER| |_LATCH 
ELECTRICALL 7_—— wos! ra 
Y CONNECTED 6 ;—— ck ScK- 2 
5 {> CE 3} CURRENT R 
4 -——— OUTPUT 0 MISO] < LIMIT Sense 
3 [> OUTPUT 1 ae oc 
2 (———_> OUTPUT 2 CE = —l.. 
1 |-———> ourTPuT 3 ame pl 2 | = 
& 1 | CONTROL |_JDIAGNOSTIC 
LOGIC CIRCUITRY 


15 LEAD POWER SIP (TOP VIEW) — 


2 ‘ | TO DRIVERS 
Ordering Information 1 THRU 7 


PART TEMPERATURE PACKAGE & 
NUMBER _ RANGE LEAD FORM 
CA3282AS1 -40°C to +125°C 15 Pin Plastic SIP 
Staggered Vertical 
CA3282AS2 -40°C to +125°C 15 Pin Plastic SIP 
Surface Mount 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2767.2 
Copyright © Harris Corporation 1992 2-16 


FIGURE 1. BLOCK DIAGRAM OF THE CA3282 OCTAL DRIVER 
WITH SPI (SERIAL PERIPHERAL INTERFACE) BUS 


Specifications CA3282 


Absolute Maximum Ratings Thermal Characteristics 

DC Logic Supply, Vpp.... 6... eee ee eee eee eee -0.7V to+7.0V Thermal Resistance Junction-Case, Ojo... 1.2.2.0: +3°C/W Max 
Output Vollage,: Vo 3.acexiwcs ss iae be cask eees ee -0.7V to40V Thermal Resistance Junction-Ambient, Oy, ........ +35°C/W Max 
Output Current, roan... eee ec eee ee eee eee eaee 1A Max Lead Temperature (During Soldering): 

INDUE VOIAGE Vig as ciel Samadicuaues citkaw ated soagens 7V Max At distance '/,_ +'/30 In. (1.59 + 0.79mm) 

Operating Temperature Range................ -40°C to +150°C from case for 10S MAX... ... cece eee ee ee eee eee +265°C 
Storage Temperature Range (Tig)... -- +. 2+ eee -55°C to +150°C 


Electrical Specifications Vpp = -5V + 5%,T; = -40°C to +125°C; Unless Otherwise Specified. 


LIMITS 


TEST CONDITIONS TYP 


lop All Outputs ON, 0.5A Load Per Output 
Voc 
Eoc 


io) 


LOW SIDE 
SWITCHES 


lLoab = 0.75A 


lLoap = 1.0A 


Output Programmed ON, Vout > 3V 
lp = 500 mA, No Reactive Load 


= 


LOGIC INPUTS (MOSI, CE, SCK and RESET) 


Threshold Voltage at 
Falling Edge 


Threshold Voltage at 
Rising Edge 


Hysteresis Voltage 


< 


Vr. + V 
Input Current Vop = 5.5V, 0 < Vi < Vpp -10 
LOGIC OUTPUT (MISO) 
Output LOW Voltage VoL lo. = 1.6 mA V 
Vou 
lot 


lon | Vop = 5.25V, 0 < Vo < Vpp, CE Pin Held High 


Output Capacitance 0 < Vo < Vpp, CE Pin Held High p 


SEL 4: 


Specifications CA3282 


Serial Peripheral Interface Timing (See Figure 2) 


PARAMETERS SYMBOL 


Operating Frequency | fopeR 


Cycle Time 


Se 
of ot 


Enable Lead Time 
Enable Lag Time 
Clock HIGH Time 
Clock LOW Time 
Data Setup Time 
Data Hold Time 
Enable Time 


a | | 

oe” ee 
_ . 
oO o 


Disable Time 

Data Valid Time 

Output Data Hold Time 

Rise Time (MISO Output) 

Rise Time SPI Inputs (SCK, MOSI, CE) 

Fall Time (MISO Output) 

Fall Time SPI Inputs (GCK, MOSI, CE) 

NOTE: . 
1. Operating Frequency is typically greater than 10MHz but it is application limited primarily by external SPI input rise/fall times and MISO 


output loading. 
CE | | 


SCK 


(CPOL =0, CPHA = 1) 


A 


1 LSB 


INTERNAL STROBE FOR DATA CAPTURE 


DATA AND CLOCK TIMING 


CE 
(INPUT) | 
(2) (4) (1) (43) | (12) (3) 


SCK 
(INPUT) 
MISO 
(OUTPUT) ) » 
(11) (9) 
MOSI AeeatatatatetotetetenN AER 
(INPUT) EEX im iu CEES FAUTTINDUGES 


(7) TURN-OFF 


DRIVER 
. tP 8 
tLPH tuD bed 


FIGURE 2. SPI TIMING 
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CA3282 


Signal Descriptions 


Output 0 - Output 7 - Power Output Drivers. The input and 
output bits corresponding to Output O thru Output 7 are 
transmitted and received most significant bit (MSB) first via 
the SPI bus. The outputs are provided with current limiting 
and voltage sense functions for fault indication and protec- 
tion. The nominal load current for these outputs is 500mA, 
with current limiting set to a minimum of 1.05A. An on chip 
clamp circuit capable of handling 500mA is provided at each 
output for clamping inductive loads. 


RESET - Active low reset input. When this input line is low, 
the shift register and output latches are configured to turn off 
all output drivers. A power on clear function may be imple- 
mented by connecting this pin to Vpp with an external resis- 
tor, and to Vssg with an external capacitor. In any case, this 
pin must not be left floating. 


CE - Active low chip enable. Data is transferred from the shift 
register to the outputs on the rising edge of this signal. The 
falling edge of CE loads the shift register with the output volt- 
age sense bits coming from the output stages. The output 
driver for the MISO pin is enabled when this pin is low. CE 
must be a logic low prior to the first serial clock (SCK) and 
must remain low until after the last (eighth) serial clock cycle. 
A low level on CE also activates an internal disable circuit 
used for unlatching output states that are in a fault mode as 
sensed by an out of saturation condition. A high on CE 
forces MISO to a high impedance state. Also, when CE is 
high, the octal driver ignores the SCK and MOSI signals. 


SCK, MISO, MOSI - See Serial Peripheral Interface (SP1) 
section in this data sheet. 


Vpp and Vsgz - Positive and negative power supply lines. 
Serial Peripheral Interface (SPI) 


The Serial Peripheral Interface (SPI) utilized by the CA3282 
is a serial synchronous bus for control and data transfers. 
The clock (SCK), which is generated by the microcomputer, 
is active only during data transfers. In systems using 
CDP68HC05 family microcomputers, the inactive clock 
polarity is determined by the CPOL bit in the microcomput- 
er’s control register. The CPOL bit is used in conjunction with 
the clock phase bit, CPHA to produce the desired clock data 
relationship between the microcomputer and octal driver. 
The CPHA bit in general selects the clock edge which cap- 
tures data and allows it to change states. For the CA3282, 
the CPOL bit must be set to a logic zero and the CPHA bit to 
a logic one. Configured in this manner, MISO (output) data 
will appear with every rising edge of SCK, and MOSI (input) 
data will be latched into the shift register with every falling 
edge of SCK. Also, the steady state value of the inactive 
serial clock, SCK, will be at a low level. Timing diagrams for 
the serial peripheral interface are shown in Figure 2. 


SPI Signal Descriptions 


MOSI (Master Out/Slave In) - Serial data input. Data bytes 
are shifted in at this pin, most significant bit (MSB) first. The 
data is passed directly to the shift register which in turn con- 


trols the latches and output drivers. A logic “O” on this pin will 
program the corresponding output to be ON, and a logic “1” 
will turn it OFF. 


MISO (Master In/ Slave Out) - Serial data output. Data 
bytes are shifted out at this pin, most significant bit (MSB) 
first. This pin is the serial output from the shift register and is 
tri stated when CE is high. A high for a data bit on this pin 
indicates that the corresponding output is high. A low on this 
pin for a data bit indicates that the output is low. Comparing 
the serial output bits with the previous input bits, the micro- 
computer implements the diagnostic data supplied by the 
CA3282. 


SCK - Serial clock input. This signal clocks the shift register. 
New MISO (output) data will appear on every rising edge of 
SCK and new MOSI (input) data will be latched into the shift 
register on every falling edge of SCK. The SCK phase bit, 
CPHA, and polarity bit, CPOL, must be set to 1 and 0, 
respectively in the microcomputer’s control register. 


Functional Description 


The CA3282 is a low operating power, high voltage, high cur- 
rent, octal, serial solenoid driver featuring eight channels of 
open collector drivers. The drivers have low saturation volt- 
age and output short circuit protection, suitable for driving 
resistive or inductive loads such as lamps, relays and sole- 
noids. Data is transmitted to the device serially using the 
Serial Peripheral Interface (SPI) protocol. Each channel is 
independently controlled by an output latch and a common 
RESET line that disables all eight outputs. Byte timing with 
asynchronous reset is shown in Figure 3. The circuit 
receives 8 bit serial data by means of the serial input 
(MOSI), and stores this data in an internal register to control 
the output drivers. The serial output (MISO) provides 8 bit 
diagnostic data representing the voltage level at the driver 
output. This allows the microcomputer to diagnose the con- 
dition at the output drivers. The device is selected when the 
chip enable (CE) line is low. When CE is high, the device is 
deselected and the serial output (MISO) is placed in a tri 
state mode. The device shifts serial data on the rising edge 
of the serial clock (SCK), and latches data on the falling 
edge. On the rising edge of chip enable (CE), new input data 
from the shift register is latched in the output drivers. The 
falling edge of chip enable (CE) transfers the output driver 
fault information back to the shift register. The output drivers 
have low ON voltage at rated current, and are monitored by 
a comparator for an out of saturation condition, in which 
case the output driver with the fault becomes unlatched and 
diagnostic data is sent to the microcomputer via the MISO 
line. A typical microcomputer interface circuit is shown in 
Figure 4. This circuit is also cascadable with another octal 
driver. 


Shift Register 


The shift register has both serial and parallel inputs and out- 
puts. Serial output and input data are simultaneously trans- 
ferred to and from the SPI bus. The parallel outputs are 
latched into the output latch in the CA3282 at the end of a 
data transfer. The parailel inputs jam diagnostic data into the 
shift register at the beginning of a data transfer cycle. 
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FIGURE 4. TYPICAL MICROCOMPUTER INTERFACE WITH 
THE CA3282 


Output Latch 


The output latch holds input data from the shift register which 
is used to activate the outputs. The latch circuit may be 
cleared by a fault condition (to protect the overloaded 
outputs), or by the RESET signal. 


Output Drivers 


The output drivers provide an active low output of 500mA 
nominal with current limiting set to 1.05A to allow for high 
inrush currents. In addition, each output is provided with a 
voltage clamp circuit to limit inductive transients. Each out- 
put driver is also monitored by a comparator for an out of 
saturation condition. If the output voltage of an ON output pin 
exceeds the saturation voltage limit, a fault condition is 
assumed and the latch driving this output is reset, turning the 
output off. The output comparators, which also provide 
diagnostic feedback data to the shift register, contain an 
internal pulldown current which will cause the cell to indicate 
a low output voltage if the output is programmed OFF and the 
output pin is open circuited. 


CE High to Low Transition 


When CE is low, the tri-state MISO pin is enabled. On the 
falling edge of CE, diagnostic data from the output voltage 


comparators will be latched into the shift register. If an output 
is high, a logic one will be loaded into that bit in the shift 
register. If the output is low, a logic zero will be loaded. During 
the time that CE is low, data bytes controlling the output 
drivers are shifted in at the MOSI pin most significant bit 
(MSB) first. A logic zero on this pin will program the cor- 
responding output to be ON, and a logic one will’turn it OFF 


CE Low to High Transition 


When the last data bit has been shifted into the CA3282, the 
CE pin should be pulled high. At the rising edge of CE, shift 
register data is latched into the output latch and the outputs 
are activated with the new data. An internal 150msec delay 
timer will start at this rising edge to compensate for high 
inrush currents in lamps and inductive loads. During this 
period, the outputs will be protected only by the analog 
Current limiting circuits since resetting of the output latches by 
fault conditions will be inhibited during this time. This allows 
the device to handle inrush currents immediately after turn 
on. When the 150msec delay has elapsed, the out-put 
voltages are sensed by the comparators and any out of 
saturation outputs are latched off. The serial clock input pin 
(SCK) should be low during CE transitions to avoid false 
clocking of the shift register. The SCK input is gated by CE so 
that the SCK input is ignored when CE is high. 


Detecting Fault Conditions | 


Fault conditions may be checked as follows. Clock in a new 
control byte and wait approximately 150msec to allow the 
outputs to settle. Clock in the same control byte and note the 
diagnostic data output at the MISO pin. The diagnostic bits 
should be identical to the data clocked in. Any differences will 
indicate a fault at the corresponding outputs. For example, if 
an output was programmed ON by clocking in a zero, and the 
corresponding diagnostic bit for that output is a one, 
indicating the driver output is still high, then a short circuit or 
overload condition may have caused the output to unlatch. 
Alternatively, if the output was programmed OFF by clocking 
in one, and the diagnostic bit for that output shows a zero, 
then the probable cause is an open circuit resulting in a 
floating output. 
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ADVANCED INFORMATION 


May 1992 


Features 


e Load Current Switch ..............c.ccceeee 600mA 


e Suitable for Resistive or Inductive Loads 
e Fault Mode Diagnostic Flag Output 

¢ Over-Voltage Zener Clamp 

e Independent Over-Current Limiting 

e Independent Over-Temperature Shutdown 


¢ Temperature Shutdown Hysteresis 


¢ Operating Temperature............ -40°C to +125°C 


e High Dissipation Power-Frame Package 
e¢ 5 Volt CMOS or TTL Input Logic 


Applications 
e Drivers For: 
- Solenoids - Injectors 
- Relays - Steppers 
- Power Output - Motors 
- Lamps - Displays 
e System Use: 
- Automobiles - Industrial 
- Appliances - Robotics 
Pinout 
PLASTIC 28-LEADED PLASTIC LEADED CHIP CARRIER 
(JEDEC MO-047AB) 
(Q SUFFIX) 
a <r 4 
—_! a 
2232 22 z 
INDE 14} $3} J2} [4] feel f27 |26 


GND GND 
GND GND 
GND b3] GND 
GND GND 
GND 21] GND 
GND 20] GND 
GND 19] GND 

12} [13] [14 | [17] |18 

(>) 9 a 4 a Oo ° 

5 5 2 25 

° (eo) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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CA3292 


Quad-Gated Inverting Power Driver 


With Fault Mode Diagnostic Flag Output 


Description 


The CA3292 quad-power NAND driver contains four NAND- 
gate switches for interfacing low-level logic to inductive and 
resistive loads such as: relays, solenoids, AC and DC 
motors, heaters and incandescent displays. The CA3292 is 
similar to the CA3272, except for zener diode over-voltage 
clamp protection on each output. Each output is protected 
for current limiting, over-temperature shutdown and has 
diagnostic feedback to indicate fault conditions. 


The FAULT DETECTOR block diagram of the CA3292 is 
shown in Figure 1 in an equivalent logic form while the func- 
tion block diagram with all four switches is shown in Figure 2. 
Channel A is one of the 4 power switching functions dis- 
played in the FAULT DETECTOR diagram. Transistor Qa is 
the protected power transistor switch that drives the “OUT A” 
terminal. The dotted block outlines the logic block associated 
with the FAULT DETECTOR. The ENABLE input is common 
to each of the 4 power switches and, when low, disables the 
FAULT output. From the “IN A” input to the “OUT A” output, 
the switch condition is inverting (NAND). When IN is high, 
OUT is low and the switch is conducting. The FAULT 
DETECTOR senses the IN and OUT states and switches Q- 
“ON” if a fault is detected. When a fault is detected, transistor 
Qf activates a sink current source to pull-down the FAULT 
pin to a O (low) state. Both shorted and open load conditions 
are detected. 


Block Diagram 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE PACKAGE 


CA3292Q -40°C +125°C 28 Lead PLCC 


File Number 2946 


~CA3292. 


et PCC CCR CEES SEEOROSESED EO SEOHAOTESEEEOESESOOS SE SOHO ESOS DOSES EOOEORECEDSESOEE 


FAULT 
DETECTOR 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF THE CA3292 
FAULT DETECTOR 


ENABLE 


; ip , 
KJ 


IND= 


"er 


INC 
17 a rT) 
ie 
zz = > OUT 
(\4 
INB St 
27 1 |) = = 
Y Tim H 8 
ue | = > OUT 
(\2 
INA | 
28 Ie iD Qa = 
FAULT w(~) Tow H 18 


GROUND 
= PINS 5-11, 19-25 
FIGURE 2. CA3292 FUNCTIONAL BLOCK DIAGRAM SHOWING 
ALL OUTPUTS 
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TO PREDRIVER 
& OUTPUT STAGES 


*INPUT AND ENABLE PULLDOWN SOURCES 
FORCE OUTPUT TURN-OFF FOR ALL 
UNDETERMINATED INPUTS 


FIGURE 3. SCHEMATIC OF ONE INPUT STAGE 


TRUTH TABLE 


Over current or over 


temperature or output 
short to power supple 


LOW SIDE 
SWITCHES 


Specifications CA3292 


Absolute Maximum Ratings 


Logic Input Supply Voltage, Vog. ... cee ce cee eee +7.0V 
Logic Input Voltage, Vin... 2... cece cece eee cece e ee eeee 15V 
Output Voltage, VoLamp ----- ee eee eee e cece cence anaes (Note1) 
Output Sustaining Voltage, Vogisus) ------ eee eee eee (Note1) 
Output Cunent, losiicve sa dees caweeian tees ih eda ee eis 1.6A 
Power Dissipation: 

WIG1O 85°C 4.344 viele canet eeaieis Gan eee Saree ewes 1.5W 
Above 85°C ....... caida aes Uae Derate Linearly at 23mW/C 
Above 105°C w/heat sink (PC Board) . Derate Linearly at 33mW/C 
Up to 125°C wheat sink (PC Board) .............00 cee 1.0W 


Above 125°C w/ heat sink (PC Board) . Derate Linearly at 33mW/°C 
NOTE: 


Ambient Temperature Range: 


Operating Temperature Range................ -40°C to +125°C 
Storage Temperature Range...............0.- -55°C to +150°C 
Maximum Junction Temperature, Tj .........eeeee evens +150°C 
Maximum Thermal Resistance: | 

Junction-to-Air, Roja... cece cece cece tween eee eeee 43°C/W 


Lead Temperature (During Soldering): 
At distance '/,, + ‘/go in. (1.59 + 0.79 mm) from , 
Case for 10S Max: ack4cscsise bebe we thatetenewweea 265 °C 


1. The output voltage level is limited by the clamping action of the internal zener diode. See the clamp voltage limits specified in the electrical 


characteristics table. 


Electrical Specifications At T, = -40°C to +125°C, Voc = 5.5V Except as Noted. 


COLLECTOR EMITTER 
SATURATION VOLTAGE: 


LOGIC INPUT THRESHOLDS: 
Input Low Voltage Vit 
Input High Voltage Vin 
Input Low Current he Vin = 0.8V 


Input High Current 


All Outputs ON lcc(on) 


All Outputs OFF 
Turn-On Delay 


lcc(oFF) 
feo» teLH 


Over-Current Limiting for each 
Output (Note 1) 


FAULT OUTPUT, lioap = SOA: 


| 


R, = (Min.) = 40 


Output Low Current 


Output High Current 
Output Low Voltage 


= 


< 


oL | lor = S0HA 
Output Sense Thresholds: 
Output High Threshold Vin = 2.0V (Min.) 
Output Low Threshold LT Vin = 0.8V (Max.) 


OVER-TEMPERATURE SHUTDOWN (DESIGN PARAMETER): 


HT 


ee 


Typical Junction Temperature 
at Thermal Shutdown 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[OuipaTtsakage Curent | Teo _|Vor®WiVewse-oN——«d «iT id | 
[OuipstGiamp votage | Veuwe [ice=S0NA iY | CYC 


lo = 400A, Vin 2V, Voc = 4.75V, Ta = +125°C 
lo = 5OOMA, Vin 2V, Voc = 4.75V, Ta = +25°C 
Io = 600mA, Vin eV, Voc = 4.75V, Ta = -40°C 


Vin = 5-5V, Venape = 5-5V 10 


SUPPLY CURRENT: 


lour(A,B,C,D) = 250mA, 
in = 2V, VenaBie = 9.9V 


Vout = 4,5V to 24.5V, 


= 


-f 
on 
or 

EE 


LIMITS 


0.4 V 


10 


3 
> 


LA 


mA 


S 
> 


oO 


—_)] 4 
ron) >) 


oO 
= 


fo) 


°C 


1. With voltage on the collector of the output transistor as indicated (Voyz = 4.5V to 24.5V) and with that output transistor switched “ON”, 
the current will increase to a limiting value which will be a value of 0.7A, minimum. That output will shortly thereafter (~5 ms) go into 
Over-Temperature shutdown. (Excessive dissipation during thermal shutdown may damage the chip.) 
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~ HIP0080 
Serr Pay tiry HIPOO8T 


ADVANCE INFORMATION Quad Inverting Power Driver With 


May 1992 Diagnostic Interface 
Features Description 
e Low Side Power MOSFET Output Drivers The HIP0080/0081 Quad Power Drivers contain four individually 


protected NDMOS power output transistor switches to drive induc- 


¢ Output Driver Protection: tive and resistive loads such as: relays, solenoids, injection drivers, 


- Over-Current Shutdown AC and DC motors, heaters and incandescent displays. The 4 
- Over-Temperature Shutdown Power Drivers are low-side switches driven by CMOS logic input 
- Over-Voltage Internal Clamp control stages. The output drivers are protected against over-cur- 


rent, over-temperature and over-voltage. An internal drain-to-gate 
e Load Currents Switching Capability with All Outputs ON: zener diode provides the clamping protection for over-voltage. 


- HIPOO81.........--cccccee eh eh eee 1 Amp Each __ Diagnostic circuits provide ground short, supply short, open load 
~ HIPOO8O. «onc ccc ccc c cece ccceccce 0.5 Amp Each and thermal overload detection for each of the 4 output stages. 
Each of the 4 input drivers and their respective diagnostic filters are 

e Regulated 5V Logic Interface controlled by one ENABLE input. 
e 5 Volt CMOS Inputs logic The inputs are CMOS logic compatible and individually control the 


output drivers with an active high state for tum-on. All other control 

¢ Fault Mode Output for Shorts, Opens & Over-Temperature inputs are active high with the exception of the Chip Select (CS) 
: ; ‘ ‘ ‘ which is active low. The DATAIN and DATAOUT are positive logic 

o NG Bir cenial Diagnostic Register and the Clock (CLK) input for the Serial Interface is active on the 
¢ SPI Bus Compatible Data Readout rising edge of the CLK pulse. All inputs include a nominal level of 
Z hysteresis. IN1, IN2, IN3, IN4 and ENABLE have pull-down resis- 

¢ 3°C/W - 15 Lead Power SIP Package tors of approximately 100kQ. This switches off any channel that 


LOW SIDE 
SWITCHES 


e -40°C to +125°C Operating Temperature has an unterminated input. 
Applications : 
Ordering Information 
e Drivers For: ¢ System Use: : 
: : . PART TEMPERATURE PACKAGE & 
amas ae pea NUMBER RANGE LEAD FORM 
pias aa ane asheb ~ APPNANCES —_ THIPOOBTAST | 40°C to +125°C | 15 Pin Plastic SIP Staggered Vert 
- Power Output - Motors - Industrial : 
: ; HIP0081AS2 -40°C to +125°C |} 15 Pin Plastic SIP Surface Mount 
- Lamps - Displays - Robotics 
HIPOO8OAM 28 Pin PLCC 
Pinouts 15 LEAD PLASTIC SIP 28 LEAD PLCC 
TOP VIEW TOP VIEW 
5 
GND PIN & TAB MUST BE a a = 
N r 
ELECTRICALLY CONNECTED weazgetS EB 
(3) J2) } 4 27) |26 


GND [5] GND 
GND | 6 124, GND 
GND [7 23] GND 
GND [8] GND 
GND [9] 21] GND 
GND [70] GND 
GND |11] 19] GND 
2} [3 iE 7] [8 
48er28265 
<7 30 &€° 86 
= Q 
rrr 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3018 
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Specifications HIPO080, HIPOO81 — 


Absolute Maximum Ratings 


Supply Voltage, Veo... 2. cece eee ee eee eee eeee -16V to45V =Thermal Resistance ................ Gia 8c 
Output Voltage Vo .... eee cee eee eee eee eee -0.5 to Vo_amp HIPOO80, HIPOO81................ 35°C/W 3°C/W 
Input Voltage; Viiis%.. 6 o5. tees eens tence ee semen cine -0.5V to7V Lead Temperature (During Soldering) _ 

Output Current, loyt... csc cece cece eee ee eeenees -2A to +3A At distance '/,, + '/59” (1.59 + 0.79mm) from 

Operating Temperature Range................ -40°C to +125°C case for 10S max............4. Poieeaat a ewaswee +265°C 
Operating Junction Temperature Range..... 2... -40°C to +150°C | 
Storage Temperature Range, Tstg..........--- -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vo, = 5.5 to 25V + 5%, T, = -40°C to +125°C; Unless Otherwise Specified 


LIMITS . 
HIPOO80 HIPOOS81 . 
PARAMETER SYMBOL UNITS 


POWER OUTPUTS: _ 


TEST CONDITIONS 


fi 
< 
mo) 
fi 
m*) 


Veco 10 to 25V, lout =1A Voc 
5.5 to 10V, loyy = 0.7A 


Output Over-Voltage Clamp Output Programmed OFF 


Output Short Prot. Current 


Be Be O 
Beles! § 
Q a z 
o © = 
Oo 

z 

UU 

® 

O. 

: o 

- 

yy 

=| 

} 

© 

on N 


Output Short Circuit Det. Delay 


Output ON-OFF Voltage Ramp 
Rate 


(Resistive load) 


-On Delay teHL Vec = 14V, Rioap =14Q 


i 
Ss 
= 
= 
ie 


4 
Cc 
c 
= 


—+ 
eS 
5 
O 
4 
O 
oO 
3) 
< 


Isc 

Power Supply Current 
Power Supply Reset Active 
Shut-Down Current Mode Enable LOW 


12) 
Cc 
U 
U 
Cc 
~< 


Tristate Leakage Current Rl i 
Logic High Output Voltage Vou lon = 1.6 mA 

Unloaded Max. DATAQUT 
Logic Low Output Voltage 
Oscillator Frequency a 
Serial Interface Clock Freq. re ee 


Over-Temperature Shutdown 
Threshold 


Shutdown Temp. Hysteresis 
Output Short-to-Gnd Thd 


nk aed 
ee ss 
[StortioGndHysteress | -[| 


oy 
NI oO 
o 
rs 


Open-Load Resistance for No- 
Load Warning 


Filter Delay Time for O.L. or 
Short-to-Gnd 


— 
So 
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HIP0080, HIPO081 


Overview 


As shown in the Functional Block Diagram, each output stage 
has voltage and temperature sensors with comparators and 
delay filters. Four bits of diagnostic information is provided as 
feedback from each of the four stages. The diagnostic data for all 
outputs is converted to a serial sequence of 16 bits which is out- 
put to a diagnostic register. The data may be read when the Chip 
Select, CS is low and the Clock, CLK transitions positive. With 
CS low, the CLK clock input synchronously shifts the register 
data while new data is shifted in from the DATAIN input. After 16 
clocks, the DATAIN information is shifted to the DATAOUT output. 
The diagnostic register is cleared after the falling edge of CS to 
allow new diagnostic data to be stored while the existing serial 
data is read. Figure 2 shows a complete functional signal flow 
diagram. In each switching channel, the diagnostic sense circuits 
set 1 bit in the diagnostic register for each of the 4 diagnostics 
fault conditions as follows: 


Bit 1 - indicates a thermal overload when the sensed junction 
temperature of the output is greater than 150°C. When over-tem- 
perature is sensed, the sensor output directly gates-off the drive 
to the power output and the respective fault bit is set in the diag- 
nostic register. When the chip is sufficiently cooled, the output is 
gated-on if the input remains ON. 


Bit 2 - indicates the fault condition for an output-to-supply short 
(shorted load). A small value of resistance (~0.01Q) in the 
source-to-ground line of the output stage is used to sense the 
output short. A comparator senses the voltage level and filters 
the output to provide an input to the control stage and to the 
diagnostic register. The control state directly shuts down the 


Functional Block Diagram 
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output when an over-current condition is sensed. Under this 
condition of fault, the input driver is latched off. To restore the 
Output drive, the short must be removed and the input toggled 
OFF and then ON. 


Bit 3 - indicates the condition of an output to ground short. Each 
output stage has drain-to-supply (V¢¢1) and drain-to-ground pull- 
up and pull-down resistors of approximately 10kQ to sense this 
condition. When the output is off and the sense level is low, an 
output-to-ground short is detected by the comparator. 


Bit 4 - indicates the condition of an open load on the output. The 
same divider noted above is used to set the output level. If the 
sense level is at or near the mid-range of the voltage supply, 
Vec1 when the output is in the off condition, a no-load condition 
is detected. 


For normal operating conditions, a Reset turns off all outputs 
when the Vcc level drops below 3.5 volts. The intemal bandgap 
and bias supply function includes a 5V regulated supply for the 
low voltage signal and logic circuits. 


Filters are used on the outputs of the fault sensing comparators 
to avoid the detection of short duration transient spikes. The on 
chip oscillator is used to clock an internal shift register in each 
filter. If the fault condition is longer than a preset number of clock 
cycles, the fault condition is recognized and the respective bit is 
set in the diagnostic register. No filter is used in the thermal- 
overload feedback circuit and the bit is set when thermal 
shutdown occurs. 
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HIPO080, HIPOO81 


Serial Data Timing Information: 


The order or sequence of bits for the diagnostic register is as 
follows: 


Switching Channel 1: 


1 Over-temperature OT1 
2 Short to Supply SB1 
3 Short to Ground SG1 
4 Open Load Ol1 
Switching Channel 2: 
5 Over-temperature OT2 
6 Short to Supply SB2 
7 Short to Ground SG2 
8 Open Load Ol2 
Switching Channel 3: | 
9 Over-temperature OT3 
10 Short to Supply SB3 
11. Short to Ground SG3 
12 OpenLoad O13 


Switching Channel 4: 


13 Over-temperature OT4 

14 Short to Supply SB4 
15 Short to Ground SG4 

16 OpenLoad Ol4 | 


Referring to figure 1, the error bits are jammed from DI (DATAIN) 
to DO (DATAOUT) when enabled by CS going low (active). 
The GATE is an internal control signal that goes high when CS 
goes low. The CLK signal starts when activated to read the first 
diagnostic data bit (OT1). The first DO bit following the CS low 
and GATE high is a fault error flag which goes high if any one of 
the 16 fault bits have been set HIGH. This Fault Flag data bit 
precedes the 16 fault bits and is ORed with the fault bits. In cas- 
caded operation (See Fig 3), the DI input for the first of the 
selected chips should be tied to ground. When cascaded, the 
error flags are also cascaded. A fault condition is immediately 
evident without reading all bits. However, all bits must be read to 
determine on which chip the diagnostic bit has been set. 


The diagnostic interfaces to the HIPOO80 and HIPOO81 are SPI 
compatible. The microcontroller is programmed to control the 
read and respond action based on the diagnostic readout. The 
Error Flag bit requires a separate input back to the microcontrol- 
ler. When the CLK signal starts, the serial sequence starting with 
the first diagnostic bit (OT1) is input to the microcontroller. 


GATE Ys 


(DI OR ERROR FLAG) 


FIGURE 1. DATA AND CLOCK TIMING 
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HIP0080, HIP0081 
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— DR_OUT1 
(DATAPATH) (DRVR) OUT4 
4 4 
DATA 
BUF_BIAS 


SERIAL 


LOW SIDE 
SWITCHES 


cs ——> 
CONTROL 


1 = 
ENABLE —> 


DATAOUT 
(DO) 


DATAOUT 
(DRIVER) 


FIGURE 2. FUNCTIONAL SIGNAL FLOW DIAGRAM 
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FIGURE 3. CASCADED CHIP OPERATION TO READ DIAGNOSTIC DATA 
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HIP1030 1A High Side Driver With Over-Load Protection... 0.0... 0... ccc cece eect e ee eees 
HV400 high Current MOSFET Driver c..54. 24 pte dad Goatees oad Cee eee eeu saeee cou wee an 
ICL7667 Dualirower MOSFET Diivers.24e..1 Nordine eeu ele ee ei Cid awes aoe ee aeele oeaks 
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High Side Selection Guide 


MOSFET Driver Circuits 
MAX. | RECOMMENDED MAX. CURRENT RECOMMENDED 
TYPE FUNCTION SUPPLY | SUPPLY VOLT CURRENT LIMIT APPLICATION 
CA3273 | 400mA High Side 25V AV pc to 24Vo¢ 400mA 1.2A TO-202 Solenoid or Lamp 
Driver Modified Drive 
HIP1030 | 1 Amp High Side 25V 4.5Vpc to 25Vpc6 1 Amp 1.4A Motor Control 
Driver Solenoid or Lamp 


HV400 Single High Speed} 30V 15Vp¢ to 40Vpc 6 Amps 300kHz 8 PDIP & 
(Pulsed Gate) SOIC 
ICL7667 | Dual Power 18V 1.5Vp¢ to 15Vp¢ 1.5 Amps 100kHz 
(Pulsed Gate) 


tad eras CA3273 


May 1992 High-Side Driver 

Features Description 

e¢ Equivalent High Pass p-n-p Transistor The CA3273 is a power IC equivalent of a p-n-p pass tran- 

— sistor operated as a high-side-driver current switch in either 

¢ Current Limiting...................... 0.6A to 1.2A the saturated (ON) or cutoff (OFF) modes. The CA3273 

e Over-Voltage Shutdown .............. +25V to-40V incorporates circuitry to protect the pass currents, excessive 

ion T, T — 2 input voltage, and thermal overstress. The high-side driver is 

* Junction Temperature Thermal Limit......... +150°C intended for general purpose, automotive and potentially 

° Equivalent beta of 25..............66- 400mA/0.5V__—ihigh-stress applications. If high-stress conditions exist, the 


use of an external zener diode of 35 volts or less between 
supply and load terminals may be required to prevent dam- 
. . age due to severe conditions (Such as load dump, reverse 
Applications battery and positive or negative transients). The CA3273 is 
designed to withstand a nominal reverse-battery (VBAT = 
13V) condition without permanent damage to the IC. The 
¢ Relay Driver CA3273 is supplied in a modified 3-lead TO-202 plastic 
power package. 


e Internal Bandgap Voltage and Current Reference 


e Fuel Pump Driver 


¢ Solenoid Driver 
e Stepper Motor Driver 


¢ Remote Power Switch 


HIGH SIDE 
SWITCHES 


¢ Logic Control Switch 


Package Block Diagram 
ear tee : 
(3) Vout Voc lec TRANSISTOR = I, :Vo 
(2) Vsw 
(1) Vec 


Rs 
DRIVE & LIMITING 
CONTROL 


t CA3273 


LOAD 
MODIFIED TO-202 


Ce tly ie eae Peake Sa te 8 ene ee a Oem wg ee PIN 2 
Ordering Information Vsw 


PART TEMPERATURE PACKAGE & 
NUMBER RANGE LEAD FORM 
CA3273 -40°C to +85°C TO-202 MODIFIED 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2113.2 
Copyright © Harris Corporation 1992 3.3 


Specifications CA3273 


Absolute Maximum Ratings 


Fault Max, Vcc (Limited Igg, -40 to +85°C) .......... 25V to40V__— Thermal Resistance, Junction to Ambient.............. +70°C/W 
Operating Voc (Ry = 409, -40 to +85°C) ............ eee 16V Junction Temperature (Note 2)................. eee eee +150°C 
Operating Voc (Ry, = 409, -40 to +25°C) ..........-...600- 24V Ambient Temperature Range: 

Vo (Output) Inductive Pulse Rating (-40 to +85°C), Operating Temperature Range ............... -40°C to +85°C 
View ODO cyte ont et eee tees teat oem: Voc +12V Storage Temperature Range.................. -40°C to +150°C 
Operating Iocg (-40 to +85°C) 20. eee eee eee eee 1.2A Lead Temperature (During Soldering): 

ley (40 10: 4859S) is ois wrenarere Ge acre eae war ee 400mA At distance 1/16+ 1/32 in. (1.59 + 0.79 mm) . 

le (4010 425°C) ic oc tre teenies ene ioeeeeeeads 600mA from case for 12S MAX. 66654 ince aah ecw haa as +260 °C 
Dissipation, Pp at +25°C Ambient (Note1)................ 1.8W NOTES: 

Derate Above +25°C (No Heat Sink) ............... 14.3mW/PC 


1. Pp = (Vcc - Vo) x lo + Vec x lows Ty = Ta + Pp x (8j.) 
2. Thermal limiting (shutdown) occurs at +150°C on the chip. 


Electrical Specifications at T, = -40°C to +85°C,(See Block Diagram For Test Pin Reference) 


LIMITS 
PARAMETER SYMBOL 


TYP 
Operating Voltage Range | Mec | 


ee 
(Increase Voc) 
Soe 


TEST CONDITIONS 


Voc Reference toVsyw 


lo = -400 mA, Vsw = QV 
Voc = 16V 


Voc = 16V to 24V 


Vsw = OV, Ri. = 1kQ 
(Vo goes Low) 


Voc = 16V, Vsw = 1V 


Voc = 16V,Vew =0V 
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Voc 

RL 
Output Current Cutoff: Lt 
ee 


lo = -400mA 


Vec = 24V, lo = -600mA 


3 
> 


> 


Vew = OV 


Ry = 40Q, Vsw =1V 
Voc = 24V 


Voc=7V 


3 


BE 
> > 


Vo = OV, Veco = 16V 


Vew = 16V 


Vow = 15V 
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Contro! Current, Switch OFF: 
es ce 


Vo = Open . 
Veco = 24V, Vsw = 23V 


Voc = 7V, Vsw = 6V 
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CA3273 


OUTPUT PASS 
Ry TRANSISTOR Vo 


INPUT ¢ © OUTPUT 
BANDGAP OVER-VOLTAGE THERMAL CURRENT 
VOLTAGE/CURREN SHUTDOWN LIMITING LIMITING 


REFERENCE 
FIGURE 1. FUNCTION BLOCK DIAGRAM OF CA3273 


OUTPUT DEVICE 
BASE DEVICE 


CONTROL CIRCUIT 


Vsw 
CONTROL INPUT 


RESISTIVE 


HIGH SIDE 
SWITCHES 


FIGURE 2. TYPICAL APPLICATION WITH ZENER DIODE FIGURE 3. TYPICAL LOADS 
(s Vec +12V) FOR INDUCTIVE SWITCHING PULSE 
OVER-VOLTAGE PROTECTION 
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ADVANCE INFORMATION 1A High Side Driver With 


May 1992 | | _ Over-Load Protection 
Features | Description 
° Over Operating Range: -40°C to +125°C The HIP1030 is a Power integrated Circuit designed as a 
- 1V Max at 1A Saturation Voltage _ High Side Driver to switch power to the output load. The 
- 1A Current Switching Capability functional block diagram for the HIP 1030 is shown in Figure 


1. It is the equivalent of a PNP pass transistor operated as a 
| high side current switch in either the saturated ON mode or 
e Over-Voltage Shutdown Protected switched OFF. The HIP1030 is designed with internal circuitry 
to protect the pass transistor from being damaged by over 
stress conditions of current, voltage or temperature. It is 


- 4,5V to 25V Power Supply Range 


° Over-Current Limiting 


e Thermal Limiting Protection particularly well suited for driving lamps, relays, and 
solenoids in automotive and industrial control applications 
¢ 80Vpk Load Dump | where voltage and current over-load protection at high 
e Reverse Battery Protection temperatures is required. The HIP 1030 is supplied in a 5 lead 
_ TO-220 Power SIP package. 
Applications 
¢ Motor Driver/Control Ordering Information 


¢ Driver forSolenoids, Relays and Lamps 
e MOSFET and IGBT Driver 
e Driver for Temperature Controller 


PART TEMPERATURE PACKAGE AND 
NUMBER RANGE LEAD FORM 
HIP1030AS -40°C to +125°C 5 Pin Plastic SIP 
(5 Lead TO-220) 


Pinout | | Functional Block Diagram 
TO-220 5 LEAD 
VOR VIEW a oe Pee Te UE hee a ee re ae Senne 
— 5 Vin (CONTROL 
3 TAB GND 


(Veatt) OVER- CURRENT THERMAL 
VOLTAGE MIT 
: SHUTDOWN LIMIT 
TAB (GND) INTERNALLY CONNECTED TO PIN 3 fo 


VIN 


weaned ewmaomwwmennen een eceacaetreagfeoeeeaeeany 
ewan ecewaeewnwrenrweeweaneweeaneaceangfFeeaeaeaaaes 


HIP1030 


en anranaeseacnwnzvaaeseaenanwnaeeaneenz Paaeecanae2rZzwvececenwerwvenwaoavnawcaebazwz eae naan, 


TAB CHIP 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2788 3 
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Specifications HIP1030 


Absolute Maximum Ratings 


Continuous Supply Voltage ......... cee eee eee eee 25V_ Thermal Resistance (0),)..... cece cece eee e eee eens 4°C/W 
Input Voltage, Vipy e% cesc sieeie ea Qeate es elela cb wwe a ee -1Vto+7V Junction Temperature ..... 0... ccc cee eee eee eens 150°C 
Load Current, loyy ... 2. eee eee ee ee eees Internally Limiting 1.4A | Ambient Operating Temperature............... -40°C to +125°C 
Load Dump (Survival) .......... ccc cece cece cece een eees +80Vpk Storage Temperature.............. cece eee -40°C to +150°C 

Lead Temperature (Soldering 10S Max) .......... cece eee 265°C 


NOTE: Pd = (Vcc - Vout)(lout) + (Vec)(lanp) 
Tj = Ta + (Pd)(Thermal Resistance) 


Electrical Specifications T, = -40°C to +125°C, Viy = 2V; lour = 0.5A, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS | MIN | Typ | MAX | UNITS 


[orerinavateoorane twee | Sir | i 
ee 


Output Leakage 


Typical Application 


0.47pF 


POWER ss ew see deebcresensede rar ecteeseuieice teacuweseorecee ese sce ’ 
SUPPLY 
| ¥ ‘ | ' 
= cc Vout 
Oo) © 
NEG. } 
SER : CLAMP | a 
(Year) + | VOLTAGE CONTROL J/ZENER; 19 
f~ * | SHUTDOWN CIRCUIT A 
; ; 
; Y — 
; ; 
‘ * LOADS: 
Vin ‘ RELAYS 
(5) : + SOLENOIDS 
; ; LAMPS 
b seisiece oti aclesiisuvscisee sie emiiieriieil i lt “MOTORS 
TAB aor 
: ci LOGIC SWITCH 
TO Vin | = = 
GND GND 
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aD HV400 


May 1992 High Current MOSFET Driver 
Features Description 
e Fast Fall Times..................-. 16ns at 10,000pF The HV400 is a single monolithic, non-inverting high current 
driver designed to drive large capacitive loads at high slew 
- No Supply Current in Quiescent State rates. The device is optimized for driving single or parallel 
e Peak Source Current .........0. cee ee ccc en eens 6A connected N-channel power MOSFETs with total gate 
charge from 5nC to >1000nC. It features two output stages 
¢ Peak Sink Current .........cccccccnnccnvcenes 30A pinned out separately allowing independent control of the 
¢ High Frequency Operation ................- 300kHz MOSFET gate rise and fall times. The current sourcing out- 
put stage is an NPN capable of 6A. An SCR provides over 
Applications 30A of current sinking. The HV400 achieves rise and fall 


e Switch Mode Power Supplies 
e DC/DC Converters 
e Motor Controllers 


¢ Uninterruptible Power Supplies 


Ordering Information 


wen | rie | seme 
RANGE PACKAGE 

a 
faees | woerse [erarasae 
ee 
eon 
eo 


-40°C to +85°C 8 Pin Plastic SOIC 
-55°C to +125°C | 8 Pin CerDIP 


* Contact Harris for availability date. 


Pinout 


HV400 (PLASTIC MINI-DIP AND SOIC) 
TOP VIEW 


PIN2 o 


V+ SUPPLY |8 | SOURCE OUTPUT 


INPUT | 2. DIODES 


SINK OUTPUT | 3 | 


GND | 4] 


16 | SINK OUTPUT 


[5] GND 


PIN4 oc 


times of 54ns and 16ns respectively driving a 10,000pF load. 


Special features are included in this part to provide a simple, 
high speed gate drive circuit for power MOSFETs. The 
HV400 requires no quiescent supply current, however, the 
input current is approximately 15mA while in the high state. 
With the internal current steering diodes (pin 7) and an 
external capacitor, both the timing and MOSFET gate power 
come from the same pulse transformer; no special external 
supply is required for high side switches. No high voltage 
diode is required to charge the bootstrap capacitor. 


The HV400 in combination with the MOSFET and pulse 
transformer makes an isolated power switch building block 
for applications such as high side switches, secondary side 
regulation and synchronous rectification. The HV400 is also 
suitable for driving IGBTs, MCTs, BUTs and small GTOs. 


The HV400 is a type of buffer; it does not have input logic 
level switching threshold voltages. This single stage design 
achieves propagation delays of 20ns. The output NPN 
begins to source current when the voltage on pin 2 is 
approximately 2V more positive than the voltage at pin 8. 


The output SCR switches on when the input pin 2 voltage is 
1V more negative than the voltage at pins 3/6. Due to the 
use of the SCR for current sinking, once the output switches 
low, the input must not go high again until all the internal 
SCR charge has dissipated, 0.5s - 1.5ys later. 


Schematic 


PIN1 © 


PINS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1992 3-8 
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Specifications HV400 


Absolute Maximum Ratings 


Voltage Between Pini and Pin 4/5.......... 0... ce eee eee 35V 
Input Voltage Pin 7 (Max).......... 2.0 cee ee eee eee Pin 1+ 1.5V 
Input Voltage Pin 7 (Min) .......... 0. cece eee eee Pin 4/5 -1.5V 
Input Voltage Pin 2 to Pin 4/5... 2... 2... ce eee +/- 35V 
Input Voltage Pin2 to PING 2.1... ec cee eee -35V 
Maximum Clamp Current (Pin 7)............ 00 cee eee eee +300mA 
Maximum Junction Temperature ............. eee eens +150°C 
Storage Temperature Range .............. -65°C < Ty < +150°C 


Thermal Resistance. ................06 Gia 6. 
POP fo foniea cetacean iam aims 93.8°C/W  31.5°C/W 
SOIC so calus ee ruku we pees Cees eee 157.1°C/W  42.8°C/W 

Power Dissipation at Ta = +25°C ............... 1.33W Mini-DIP 

Power Dissipation at Ta = +25°C ............00000- 0.8W SOIC 

Operating Temperature Range 
HVA00CP/CB:, ecaceiatya wie eae eee ewan’ 0°C < Ty, < +70°C 
HV400IPIIB aids si et nate Dae eee «abe -40°C < Ty, < +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vsyppry = 15V 


INPUT (PIN 2) 


Input High Differential Voltage 
(Pin 2 - Pin 8) 


Input High Current 


Input Low Current 


SOURCE OUTPUT (PIN 8) 


High Output Voltage 


Vou 


Output Low Leakage lot 


SINK OUTPUT (PIN 3/6) 


Low Output Voltage 


Peak Output Current 
Vout = 4V 
Output High Leakage Vin = 15V 


DIODES D1 AND D7 (PIN 7) 


Forward Voltage 


Reverse Leakage Current 


Diode (Pin 7) Stored Charge 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


| source = 6A, tps pulse, 


Input High Current Peak lp 
Vin = OV, Vout = OV 
lie Vpin 2= -30V +25°C 
Full 


VIN = +V, lout = 150mA 


Peak Output Current lops Vin = 9V, 1ps Pulse, 
Vout = OV 


Vout = OV, Vin = OV 


Vin = OV, 5pts Pulse, 
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NOTE: Limits are 100% tested at +25°C; limits over the full temperature range are guaranteed but not tested. 
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Specifications HV400 


Pin Descriptions 


SYMBOL DESCRIPTION 


The current required to maintain the input (Pin 2) high with lout = OA 


The input (Pin 2) current for a given pulsed output current 


The output (Pins 3, 6) voltage with the input (Pin 2) = Ground 
The pulsed peak sink current into output (Pins 3, 6) 

The output (Pins 3, 6) leakage current with the input (Pin 2) = 
The forward voltage of diode D1 or D7 

The reverse leakage current of diode D1 or D7 


The time integral of the reverse current at turn off 


The low to high transition of the output 
The high to low transition of the output 
The output propagation delay from the input (Pin 2) rising edge 


The output propagation delay from the input (Pin 2) falling edge 


The minimum time required after an output high to low transition before the next input low to high transition 


Specifications HV400 


Switching Time Specifications Vgyppyy = 15V 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | TYP | MAX | UNITS 


Delay Time (Hi to Lo) See Switching Test Circuit a ae 
Minimum Off Time See Switching Test Circuit | Full 


1. Switching times are guaranteed but not tested 
2. Typical values are for +25°C 


Switching Diagram and Test Circuit 


INPUT 
ov 


Vout 


OUTPUT 


50V L R1 100 1W 


PAT TTA MHD TRAD TTTMP aD aewmwm 


15V sees: --- 12.8V 
GNOse er Nee _/ \— oav 
INPUT OUTPUT 
502 SOURCE 


(RISE & FALL TIMES <10ns) 
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HV400 Switching Test Circuit 


HV400 


Parts List 


R1 100Q, 1W Carbon Resistor 

R2 Wire | 

R, 100KQ, 1/8W Carbon Resistor 

C1 330uF, 50V Capacitor 

C2 1pF, 50V Capacitor 

C, 0.01pF, 50V Chip Capacitor 

D1 1N914 Diode - 

J1, J2 PC Mount Banana Jack Johnson 108-0740-001 
J3, J4 PC Mount SMA Connector Johnson EFJ142 
U1 Harris HV400 I.C. | 


-HV400 AC TEST BOARD 


HV400 


Application Information 
Circuit Operation 


The HV400’s operation is easily explained by referring to the 
schematic. The control signal is applied to pin 2. If the 
control signal is about 2V above pin 8, the output NPN Q1 
turns on charging the MOSFET gate from a capacitor 
connected to pin 1. Resistor R4 helps keep the SCR off by 
applying a reverse bias to the SCR anode gate. 


When the control input drops about 1V below pin 3/6, PNP 
Q2 turns on which triggers the SCR by driving both the 
anode and cathode gates. The SCR discharges the 
MOSFET gate and when its current becomes less than 
10mA, it turns off. Transistor Q2 conducts any gate leakage 
currents, through resistors R1 and R2, once the SCR turns 
off. Figure 7 shows the output characteristics before the 
SCR turns on and after it turns off. When the SCR turns on, 
resistor R4 provides a path to remove Q1 base charge. 
Resistor R3 provides the base current for Q2 to reduce the 
turn off delay time. Resistors R1 and R2 reduce the SCR 
recovery time. 


The two diodes connected to the diode input pin 7 provide 
some operation flexibility. With pins 2 and 7 connected 
together, diode D1 provides a path to recharge the storage 
capacitor once the MOSFET gate is pulled high and, along 
with diodes D2 and D3, keeps Q1 from going into hard 
saturation which would increase delay times. Diode D7 
would clamp the input near ground and provide a current 
path if an input DC blocking capacitor is used. 


Alternatively, pin 7 can be connected to pin 6 so that the 
SCR and NPN Q1 don’t have to pass reverse current if the 
output “rings” above the supply or below ground. When high 
performance diodes are required, pin 7 can be left 
disconnected and external diodes substituted. 


The diodes in series with pin 2 decouple the input from the 
output during negative going transitions. The absence of 
input current turns off Q1 and allows Q2 to trigger the SCR. 
Diode D8 turns off Q2 once the SCR turns on pulling the out- 
put low, otherwise Q2 would saturate and slow down circuit 
operation. In addition, the diodes D2, D3 and D8 improve 
noise immunity by adding about 2.5V of input hysteresis. 


The HV400 is capable of large output currents but only for 
brief durations due to power dissipation. 


Circuit Board Layout 


PC board layout is very important. Pins 3 and 6 should be 
connected together as should pins 4 and 5. Otherwise the 
internal interconnect impedance is doubled and only half of 
the bond wires are used which would degrade the reliability. 


The bootstrap capacitor should hold at least 10x the charge 
of the MOSFET and should be connected between pins 1 
and 4/5 with minimum lead lengths and spacings. Likewise, 
the HV400 should be as close to the MOSFET as possible. 
Any long PC traces (parasitic inductances) between the 
MOSFET gate and pins 8 or 3/6 or between the source and 


pins 4/5 should be avoided. Inductance between the HV400 
and the MOSFET limit the MOSFET switching time. If they 
are too large, the HV400 may operate erratically as 
discussed below. 


Cross Conduction Faults 


It is possible to have both Q1 and the SCR on at the same 
time resulting in very large cross conduction currents. The 
SCR has larger current capacity so the output goes low and 
the storage capacitor is discharged. The conditions that 
cause cross conduction and precautions are discussed 
below. 


Minimum Off Time 


The SCR requires a recovery time before voltage can be 
reapplied without it switching back on. Figure 13 shows how 
this SCR recovery time, called “minimum off time” (Top), is a 
function of the load capacitance. If the input voltage goes 
high before this recovery time is complete, the SCR will 
switch back on. — 


Note that reverse current flowing through the SCR, for 
example due to load inductance ringing, extends the 
minimum off time. Since the minimum off time is really 
dependent upon how much stored charge remains in the 
SCR when the anode (pin 3/6) is taken positive, it may vary 
for different applications. Figure 13 indirectly shows that the 
minimum off time increases with larger currents. It also 
increases at elevated temperatures as shown in Figure 14. 
Excessive ringing increases the minimum off time since the 
stored charge doesn’t begin to dissipate until the current 
drops below 10mA for the last time. Rising anode voltage 
acts on the internal SCR capacitance to generate its own 
triggering current. The excess stored charge increases this 
capacitance. Faster rise times and/or higher voltages also 
increase the amount of internal trigger current from the inter- 
nal capacitance so applications with larger dV/dt require 
longer minimum off times. 


The minimum off time must be considered for all occur- 
rences of SCR current. For example, in a half bridge switch 
mode power supply, there are two MOSFET’s connected to 
the transformer primary. Assume that the high side MOSFET 
switch is off. When the low side MOSFET switch is turned 
on, the HV400 driving the high side MOSFET will have to 
sink gate current from Cgq and will have to source gate 
current when the low side MOSFET switches back off. Both 
of these current pulses will try to flow through pin 3/6 since 
the pin 8 output is turned off. Sourcing current from pins 3/6 
through the SCR is possible, the pin 3/6 voltage becoming 
negative with respect to pins 4/5 (See Figure 8). But a better 
practice would be to connect a Schottky diode between pins 
4/5 (anode) and 3/6 (cathode) so reverse current does not 
flow through the SCR. 


False SCR Triggering 


The SCR may be triggered inadvertently. The output may 
overshoot the input due to inductive loading or over driving 
the output NPN (allowing it to saturate). Whenever pin 6 is 
more positive than pin 2 by 1V, the SCR is triggered on. Also, 
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if the output rises too rapidly, greater than 0.5V/nS, the SCR 
may self trigger. Both issues are resolved by minimizing the 
load inductance and inserting sufficient resistance, usually 
0.1 to 10 ohms, between pin 8 and the load. 


A very fast negative going input voltage can result in 
minimum off times of about 2.5ys. If the output can not keep 
up with the falling input, the stored charge of diode D4 is 
transferred into the base of Q2. This excess charge in Q2 
must have time to dissipate. Otherwise, when pin 3/6 goes 
positive, Q2 will turn on and trigger the SCR. An external 
diode in series with pin 2, as shown in Figure 1, will prevent 
D4 from discharging into the base of Q2 but that will also 
reduce the output voltage by the forward voltage of that 
diode. 


Internal Diodes 


The internal diodes connected to pin 7 are provided for 
convenience but may not be suitable for large currents. 
Since they are part of the integrated circuit, they are 
physically small, operate at high current densities, and have 
long recovery times. Figure 15 shows that their forward 
characteristics degrade above 100mA. In addition, Figure 16 
shows their reverse recovery charge as a function of forward 
current. The product of this charge, the applied reverse 
voltage and the frequency is the additional power dissipation 
due to the diodes. For stored charge calculations, use the 
peak forward current within 100ns of the application of 
reverse bias. In addition to the extra power dissipation, the 
capacitance of these diodes may extend the switching delay 
times. 


Power Dissipation Calculations 


The power required to drive the MOSFET is the product of 
its total gate charge times the gate supply voltage (maximum 
voltage on HV400 pin 1, 2 or 7) times the frequency. 
Assuming that the MOSFET gate resistance is negligible, 
this power is dissipated within the HV400. If resistors are 
placed between the HV400 and the MOSFET, then some of 
the power is dissipated in the resistors, the percentage 
depending upon the ratio of resistors to HV400 output 
impedance. 


There are two other sources of power dissipation to 
consider. First there is the power in R3 which is the product 
of the input pin 2 current and voltage (with no output current) 
times the duty cycle. Second is the product of the pin 7 diode 
stored charge, which is dependent upon the forward current, 
times the applied diode reverse voltage times the frequency. 
This information is available from figures 3 and 16 in this 
data sheet. 


Applications Circuits 


The HV400 was designed to interface a pulse transformer to 
a power MOSFET. There must be some means to balance 
the transformer volt-second product over a cycle. The 
unipolar drive shown in Figure 1 lets the core magnetization 
inductance reverse the primary and secondary voltages. The 
zener diode on the primary side limits this voltage and must 


be capable of dissipating the energy stored in the | 
transformer. The load may be connected to either the power 
MOSFET drain or source. 


Vs 7 prsesesenessssensenesssssssecssessscsnees 4 


A Riicmtescsshiadieaietiientiecente 6. POWER 


= . HV400 MOSFET 


FIGURE 1. UNIPOLAR DRIVE 


A diode is added in series with pins 2 and 7 to allow the 
transformer secondary to go negative. The charge storage of 
the pin 7 diode may cause the turn off delay time to be too 
long. Alternatively, pin 7 could be left disconnected and a 
second external diode connected between the transformer 
(anode) and pin 1 (cathode). In some applications the diode 
in series with pin 2 may be unnecessary but the -35V input 
to output or ground maximum rating should be observed. 


Sometimes the volt-second balance is achieved by a push- 
pull drive on the pulse transformer primary. This is especially 
useful if there are two secondary windings driving two 
HV400’s out of phase such as in a half-bridge configuration - 


Other times it is more convenient to achieve volt-second 
balance by using capacitors to block DC in the primary and 
secondary windings as shown in Figure 2. The pin 7 diodes 
provide a path for discharging the secondary side DC block- 
ing capacitor. Both capacitors, Cj and Cs, should be at 
least 10 times the equivalent MOSFET gate capacitance. 


The HV400 can be used as a current booster for low side 
switches by connecting directly to the PWM output. The 
circuit would be similar to the switching time test circuit. 


It is worth restating that some consideration (and experimen- 
tation) should be given to the choice of external components, 
i.e. resistors, capacitors and diodes, to optimize 
performance in a given application. 


FIGURE 2. BIPOLAR DRIVE WITH DC BLOCKING CAPACITOR 
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Typical Performance Curves 1, = +25°C Unless Otherwise Specified 
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Typical Performance Curves 1, 
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Typical Performance Curves 1, 
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Metallization Topology 


DIE DIMENSIONS: 
66.9 x 71.65 x 19 mils 
(1700 x 1820 x 483m) - 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


SUBSTRATE POTENTIAL (POWERED UP): 


Unbiased . 


Metallization Mask Layout 


V+ (1) 


INPUT (2) 


SINK OUTPUT (3) : 


ATE 


ay Efe 


[fe 


oi 


HV400 


GLASSIVATION: 
Type: Silox 
Thickness: 12kA +2kA 
Type: Nitride 
Thickness: 3.5kA + 2.5kA 


TRANSISTOR COUNT: 3 
PROCESS: HFSB Linear Dielectric Isolation 


HV400Y 


Wi LL pm 
oO oO 
rand ran 
35 35 
no nO 
S & 


(7) DIODES 


| (6) SINK OUTPUT 


in 


al Ife 


GROUND (4) zz! fc _ _ . E 1 crounp 


reste 


NOTE: Pin Numbers Correspond to Mini-DIP and SOIC Packages Only. 
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Features 


e Fast Rise and Fall Times 
- 30ns with 1000pF Load 


e Wide Supply Voltage Range 
- Veo = 4.5 to 15V 


e Low Power Consumption 
- 4mW with Inputs Low 
- 20mW with Inputs High 


e TTL/CMOS Input Compatible Power Driver 
= Royt = 72 Typ 


e Direct Interface with Common PWM Control ICs 
e Pin Equivalent to DS0026/DS0056; TSC426 


Typical Applications 
¢ Switching Power Supplies 
e DC/DC Converters 


e Motor Controllers 


Pinouts 


TO-99 CAN (TV) 
TOP VIEW 


V+ 


ICL 7667 


Dual Power MOSFET Driver 


Description 


The ICL7667 is a dual monolithic high-speed driver 
designed to convert TTL level signals into high current 
outputs at voltages up to 15V. Its high speed and current 
output enable it to drive large capacitive loads with high slew 
rates and low propagation delays. With an output voltage 
swing only millivolts less than the supply voltage and a 
maximum supply voltage of 15V, the ICL7667 is well suited 
for driving power MOSFETs in high frequency switched- 
mode power converters. The ICL7667’s high current outputs 
minimize power losses in the power MOSFETs by rapidly 
charging and discharging the gate capacitance. The 
ICL7667’s input are TTL compatible and can be directly 
driven by common pulse-width modulation control ICs. 


Order Information 


[ramrwumsen | "RANGE | PACKAGE 
PART NUMBER RANGE 
8 Pin Ceramic DIP 


* Add /883B to Part Number for 883B Processing 


HIGH SIDE 
SWITCHES 


Functional Diagram 


Vcc 


OUT 
IN 
| a) 
V- 
8 LEAD DUAL-IN-LINE PACKAGE (PA, JA, BA) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 28 53.1 


Copyright © Harris Corporation 1992 
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Specifications ICL7667 


Absolute Maximum Ratings 


Supply Voltage V+ to V- 2.0... cece cee eee e eee 15V Linear Derating Factors 

Input Voltage. ..... 2... cee cee ee eee eee V- -0.3V to V+ +0.3V OO terre ool an ean aaah Za 6.7mWP/C above 50°C 
Package Dissipation, Ty +25°C ....... ccc eee eee eee 500mW Plastic DIP Package .............008- 5.6mWPC above 36°C 
Storage Temperature Range ................. -65°C to +150°C Ceramic DIP Package..............4. 6.7mWPC above 50°C 
Lead Temperature (Soldering 10s)................005- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Temperature Range 
ICL7667C ..... Ayia baeie dean cenn uceenses OCtOs70°C. ACLTEG7IW Séactiids enacted eit -55°C to +125°C 


Electrical Specifications 


ICL7667M 
-55°C < Ty $ +125°C 


ICL7667C, M 


Ta = +25°C 


=~] 
«< 
il 


PARAMETERS SYMBOL 
DC SPECIFICATIONS 


Logic 1 Input Voltage Vin Voc = 4.5V 


Logic 1 Input Voltage Vin Voc = 15V 


UNITS 


Logic 0 Input Voltage ViL Voc = 4.5V 


Logic 0 Input Voltage Vit Voc = 15V eae 
Input Current Voc = 15V, Vin = OV and 15V | -0.4 


Output Voltage High Vou | Voc = 4.5V and 15V Veco | Veo =] 
, -0.05 


Output Voltage Low Voc = 4.5V and 15V 


Output Resistance Vin = Vis lour = -10MA, Veg = 15V 


eed 

aa Eas 
Output Resistance Rout | Vin = Vins lout = 10MA, Vcc = 15V p= | Bf 12 | 

ca eee 

ee 


© 2° 
— —_, 


Power Supply Current lec Veco = 15V, Vin = 3V both inputs 


Power Supply Current Veco = 15V, Vin = OV both inputs 
SWITCHING SPECIFICATIONS 


1 < he) 
ro) : 


ro 
= 
> 


EE 
oO}; © 


* NOTE: All typical values have been characterized but are not tested. 


Test Circuits 
V-=15V 
+5V 
r INPUT 
i faa T 0.1 pF 
= — =0.4V 
INPUT OUTPUT 
C, = 1000pF 
be i 15V 
INPUT RISE AND = 
FALL TIMES <10ns 
OUTPUT 
OV 
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Typical Performance Characteristics 


RISE AND FALL TIMES vs. C, 


Tp Tp2 VS. TEMPERATURE 


Tus 


100 


ns 


Tp: Tr (ns) 


10 


10 100 1000 10K 100K pF 
Vec = 15V 


Tr, Te VS. TEMPERATURE 


HIGH SIDE 
SWITCHES 


loc (mA) 


ns 


10pF 100pF 1inF 10nF 


i : 
acon 
| 


10k 100k 1M 10M 
FREQUENCY 


loc (mA) 
Icc (mA) 


FREQUENCY 
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Typical Performance Characteristics (Continued) 


DELAY AND FALL TIMES vs. Voc 
50 


40 


30 


TIME (ns) 


RISE TIME vs. Voc 


TIME (ns) 


Voc to ground) during output transitions. This crossover 


Detailed Description 


The ICL7667 is a dual high-power CMOS inverter whose 
inputs respond to TTL levels while the outputs can swing as 
high as 15V. Its high output current enables it to rapidly 
charge and discharge the gate capacitance of power 
MOSFETs, minimizing the switching losses in switchmode 
power supplies. Since the output stage is CMOS, the output 
will swing to within millivolts of both ground and Vcc without 
any external parts or extra power supplies as required by the 
DS0026/56 family. Although most specifications are at Voc = 
15V, the propagation delays and specifications are almost 
independent of Vcc. 


In addition to power MOS drivers, the ICL7667 is well suited 
for other applications such as bus, control signal, and clock 
drivers on large memory of microprocessor boards, where 
the load capacitance is large and low propagation delays are 
required. Other potential applications include peripheral 
power drivers and charge-pump voltage inverters. 


Input Stage 


The input stage is a large N-channel FET with a P-channel 
constant-current source. This circuit has a threshold of about 
1.5V, relatively independent of the Vcc voltage. This means 
that the inputs will be directly compatible with TTL over the 
entire 4.5V - 15V Voc range. Being CMOS, the inputs draw 
less than 1A of current over the entire input voltage range 
of ground to Vcc. The quiescent current or no load supply 
current of the |CL7667 is affected by the input voltage, going 
to nearly zero when the inputs are at the O logic level and 
rising to 7MA maximum when both inputs are at the 1 logic 
level. A small amount of hysteresis, about 50mV to 100mV at 
the input, is generated by positive feedback around the 
second stage. | 


Output Stage 


The ICL7667 output is a high-power CMOS. inverter, 
swinging between ground and Vcc. At Voc = 15V, the output 
impedance of the inverter is typically 7Q. The high peak 
current capability of the ICL7667 enables it to drive a 
1000pF load with a rise time of only 40ns. Because the 
output stage impedance is very low, up to 300mA will flow 
through the series N- and P-channel output devices (from 


current is responsible for a significant portion of the internal 
power dissipation of the ICL7667 at high frequencies. It can 
be minimized by keeping the rise and fall times of the input to 
the ICL7667 below ips. 


Application Notes 


Although the ICL7667 is simply a dual level-shifting inverter, 
there are several areas to which careful attention must be paid. 


Grounding 


Since the input and the high current output current paths 
both include the ground pin, it is very important to minimize 
and common impedance in the ground return. Since the 
ICL7667 is an inverter, any common impedance will 
generate negative feedback, and will degrade the delay, rise 
and fall times. Use a ground plane if possible, or use 
separate ground returns for the input and output circuits. To 
minimize any common inductance in the ground return, 
separate the input and output circuit ground returns as close 
to the ICL7667 as is possible. 


Bypassing 


The rapid charging and discharging of the load capacitance 
requires very high current spikes from the power supplies. A 
parallel combination of capacitors that has a low impedance 
over a wide frequency range should be used. A 4.7uLF 
tantalum capacitor in parallel with a low inductance 0. 1yF 
capacitor is usually sufficient bypassing. 


Output Damping 


Ringing is a common problem in any circuit with very fast 
rise or fall times. Such ringing will be aggravated by long 
inductive lines with capacitive loads. Techniques to reduce 
ringing include: 
1. Reduce inductance by making printed circuit board traces 
as short as possible. 
2. Reduce inductance by using a ground plane or by closely 
coupling the output lines to their return paths. 
3. Use a 10Q to 30 resistor in series with the output of the 
ICL7667. Although this reduces ringing, it will also slightly 
increase the rise and fall times. 
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4. Use good bypassing gence to prevent supply voltage 
ringing. 


Power Dissipation 


The power dissipation of the ICL7667 has three main 
components: 


1. Input inverter current loss 
2. Output stage crossover current loss 
3. Output stage I?R power loss 


The sum of the above must stay within the specified limits for 
reliable operation. 


As noted above, the input inverter current is input voltage 
dependent, with an Ico of 0.1mA maximum with a logic 0 
input and 6MA maximum with a logic 1 input. 


The output stage crowbar current is the current that flows 
through the series N- and P-channel devices that form the 
output. This current, about 300mA, occurs only during output 
transitions. Caution: The inputs should never be allowed to 
remain between Vj, and Vj, since this could leave the output 
stage in a high current mode, rapidly leading to destruction 
of the device. If only one of the drivers is being used, be sure 
to tie the unused input to a ground. NEVER leave an input 
floating. The average supply current drawn by the output 
stage is frequency dependent, as can be seen in Icc Vs. 
Frequency graph in the Typical Characteristics Graphs. 


The output stage IR power dissipation is nothing more than 
the product of the output current times the voltage drop 
across the output device. In addition to the current drawn by 
any resistive load, there will be an output current due to the 
charging and discharging of the load capacitance. In most 
high frequency circuits the current used to charge and 
discharge capacitance dominates, and the power dissipation 
is approximately 


Pac = CVcc“f 
where C = Load Capacitance, f = Frequency 


In cases where the load is a power MOSFET and the gate 
drive requirement are described in terms of gate charge, the 
ICL7667 power dissipation will be 


Pac = QeVccf 


where Qa = Charge required to switch the gate, in Coulombs, 
f = Frequency. 


Power MOS Driver Circuits 


Power MOS Driver Requirements 


Because it has a very high peak current output, the ICL7667 
the at driving the gate of power MOS devices. The high 
current output is important since it minimizes the time the 
power MOS device is in the linear region. Figure 4 is a 
typical curve of charge vs. gate voltage for a power 
MOSFET. The flat region is caused by the Miller 
Capacitance, where the drain-to-gate capacitance is 
multiplied by the voltage gain of the FET. This increase in 
capacitance occurs while the power MOSFET is in the linear 


region and is dissipating significant amounts of power. The 
very high current output of the ICL7667 is able to rapidly 
overcome this high capacitance and quickly turns the 
MOSFET fully on or off. 


18 
16 


14 
Vpp = 50V 


a M\ fA_| 
10 CEE Vpp = 
Lh» 375V 


»CL ti AAW 
Ee 


680pF 


Ves (VOLTS) 


A 


02 4 6 8 10 12 14 16 18 20 


Qg (NANO COULOMOS) 


FIGURE 4: MOSFET GATE DYNAMIC CHARACTERISTICS 


Direct Drive of MOSFETs 


Figure 6 shows interfaces between the ICL7667 and typical 
switching regulator ICs. Note that unlike the DSO026, the 
ICL7667 does not need a dropping resistor and speedup 
capacitor between it and the regulator IC. The ICL7667, with 
its high slew rate and high voltage drive can directly drive the 
gate of the MOSFET. The 1527 IC is the same as the 1525 
IC, except that the outputs are inverted. This inversion is 
needed since ICL7667 is an inverting buffer. 


Transformer Coupled Drive of MOSFETs 


Transformers are often used for isolation between the logic 
and control section and the power section of a switching 
regulator. The high output drive capability of the ICL7667 
enables it to directly drive such transformers. Figure 6 shows 
a typical transformer coupled drive circuit. PWM ICs with 
either active high or active low output can be used in this 
circuit, since any inversion required can be obtained by 
reversing the windings on the secondaries. 


Buffered Drivers for Multiple MOSFETs 


In very high power applications which use a group of MOS- 
FETs in parallel, the input capacitance may be very large 
and it can be difficult to charge and discharge quickly. Figure 
8 shows a circuit which works very well with very large 
capacitance loads. When the input of the driver is zero, Q1 is 
held in conduction by the lower half of the ICL7667 and Q2 is 
clamped off by Q1. When the input goes positive, Q1 is 
turned off and a current pulse is applied to the gate of Q2 by 
the upper half of the ICL7667 through the transformer, T1. 
After about 20ns, T1 saturates and Q2 is held on by its own 
Cgs and the bootstrap circuit of C1, D1 and R1. This boot- 
strap circuit may not be needed at frequencies greater than 
10kHz since the input capacitance of Q2 discharges slowly. 
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ICL7667 


FIGURE 5. DIRECT DRIVE OF MOSFET GATES 
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FIGURE 6. TRANSFORMER COUPLED DRIVE CIRCUIT 
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FIGURE 7. VERY HIGH SPEED DRIVER 


OUTPUT CURRENT vs. OUTPUT VOLTAGE 


Vout - VOLTS 
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lout -mA 


FIGURE 8. VOLTAGE INVERTER 


OV -5V 
INPUT 
PWMIC 
1/2 
ICL7667 
+15V 
1 - 250kHz a IN4001 
SU AGE -13.5V 
INTTL 1/2 10pnF 
LEVELS ICL7667 5 
IN4001 ia 
Other Applications 


Relay and Lamp Drivers 


The ICL7667 is suitable for converting low power TTL or 
CMOS signals into high current, high voltage outputs for 
relays, lamps and other loads. Unlike many other level 
translator/driver ICs, the ICL7667 will both source and sink 
current. The continuous output current is limited to 200mA 
by the IR power dissipation in the output FETs. 


Charge Pump or Voltage Inverters and Doublers 


The low output impedance and wide Vcc range of the 
ICL7667 make it well suited for charge pump circuits. Figure 
8 shows a typical charge pump voltage inverter circuit and a 
typical performance curve. A common use of this circuit is to 
provide a low current negative supply for analog circuitry or 
RS232 drivers. With an input voltage of +15V, this circuit will 
deliver 20mA at -12.6V. By increasing the size of the capaci- 
tors, the current capability can be increased and the voltage 
loss decreased. The practical range of the input frequency is 
500Hz to 250kHz. As the frequency goes up, the charge 
pump capacitors can be made smaller, but the internal 
losses in the ICL7667 will rise, reducing the circuit efficiency. 


Figure 9, a voltage doubler, is very similar in both circuitry 
and performance. A potential use of Figure 8 would be to 
supply the higher voltage needed for EEPROM or EPROM 
programming. 


Clock Driver 


Some microprocessors (such as the 68XX and 65XX 
families) use a clock signal to control the various LS! 
peripherals of the family. The ICL7667’s combination of low 
propagation delay, high current drive capability and wide 
voltage swing make it attractive for this application. Although 
the ICL7667 is primarily intended for driving power MOSFET 
gates at 15V, the ICL7667 also works well as a 5V high- 
speed buffer. Unlike standard 4000 series CMOS, the 
ICL7667 uses short channel length FETs and the ICL7667 is 
only slightly slower at 5V than at 15V. 


+15V +15 


1 - 250kHz 

SQUARE ie 
WAVE 

IN TTL 

LEVELS 


1/2 1 
ICL7667 +r IN4001 ae 47uF 


FIGURE 9. VOLTAGE DOUBLER 
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HALF BRIDGE 


Half Bridge Selection Guide 


MOSFET Driver Circuits 
MAX. PULSED 
RECOMMENDED GATE 


MAX. 
BUS 
TYPE FUNCTION VOLT SUPPLY VOLT CURRENT FREQ. 
HIP2500 {| N-Channel 500Vpc 10 to 15Vpc> 2 Amps 100kKHz 
Half Bridge 
HIP2501 | N-Channel 3 500Voc 10 to 15Vp¢ 0.5 Amp 100kHz 8 18 PDIP 
Phase 


SHOOTTHRU 
PROTECTION 


RECOMMENDED 
APPLICATION 


Yes 5 Lead {Motor Control 


TO-220 
14 PDIP | Motor Control! 
SMPS 


Motor Control 
SMPS 


Motor Control 


SP600 N-Channel 500Vpc | 14.5 to 16.5Vp¢ 0.5 Amp 20kHz Yes 22 PDIP 
Half Bridge 

SP601 N-Channel 500Vpc | 14.5 to 16.5Vpo> 0.5 Amp 20kHz Yes 
Half Bridge 


HIGH SIDE DRIVERS THAT CAN BE USED IN HALF BRIDGE CONFIGURATION 


22 PDIP | Motor Control 


HV400 N-Channel 30Vpc 15 to 30Vpc 6A (ON) Source | 20KHz(MC) N/A 8PDIP | Motor Control 
Power Driver 30A(OFF) Sink 8 SOIC [SMPS 
ICL7667_ _|N, P-Channel 15Vpc 4.5 to 15Vpo¢ 0.3 Amp 1MHz TO-99 |} Motor Control 
Half Bridge 8 PDIP |SMPS 
Driver 


FARRIS 


SEMICONDUCTOR 


CA3169 


Solenoid and Motor Driver 
(1/2 H Driver) 


April 1992 


Features 


Chip Encapsulated in a 5-Lead Plastic TO-220 
Style Package (VERSA-VI) 


Output Short Circuit Protection 
Thermal Overload Protection 


Solenoid Inductive “Kick” Protection with 
Internal-Clamp Diodes 


Output Sink and Source Capacity of 6(00mA 
Minimum Overtemperature 


Horizontal and Vertical Mounting Packages 
Available 


Separate Sink Circuit and Source Circuit, Each 
Individually Controlled 


Applications 


e 


Latching Solenoid Driver (Single and Multiple) 
Non-Latching Solenoid Driver 

Relay Driver 

Lamp Controller 

Lamp Driver 

Motor Controller (Forward and Reverse) 
Stepper Motor Controller 

On-Off Logic Controllers (TTL Logic) 
Intermediate Power Driver 

Triac, SCR, and Transistor Drivers 


Description 


The CA3169 ia a monolithic integrated circuit capable of driving 
lamps and other devices that can be changed between two states 
(on or off). Transistors, SCR’s, and triacs are some of the solid 
state devices that can be controlled by the CA3169. This device 
can also control relays, solenoids (latching or nonlatching), motors 
(DC - forward and reverse) and DC stepping motors. 


The CA3169 contains a separate source driver circuit with internal 
current limiting protection and a separate sink driver circuit. The 
sink driver contains an energy absorbing diode to protect the 
device against any inductive “kick” during state changes. The 
CA3169 is protected against overvoltage conditions on the output 
drivers and overtemperature conditions (thermal-shutdown protec- 
tion). 


The input operating levels are TTL compatible. The source and 
sink outputs are in their off condition (non-conducting) when their 
respective inputs are in a HI state, or open-circuited. The outputs 
are in their on state (conducting) when their respective inputs are 
LO. The VERSA-VI package is available with two lead configura- 
tions. The CA3169 has a vertical-mount lead form, and the 
CA3169M has a horizontal-mount lead form. 


Ordering Information 


PART NUMBER TEMPERATURE PACKAGE 
CA33169 -40°C to +85°C 5 Lead Plastic SIP 
Staggered Vertical 
CA33169M -40°C to +85°C 5 Lead Plastic SIP 
Surface Mount 


Pinout Functional Block Diagram 
5 PIN PLASTIC TO-220 SIP SUPPLY (7) y 
TOP VIEW VOLTAGE ue 
MOUNTING 
FLANGE 
(TERM. 6) 5 SOURCE INPUT CURRENT 
GROUND eae 
2 SOURCE OUTPUT eat 
1 Vcc SOURCE OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copvriaht © Harris Corporation 1992 


OUTPUTA 
SINK OUT 


INPUT B 


MOUNTING FLANGE 
(GND) 
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HALF BRIDGE 


Specifications CA3169 


Absolute Maximum Ratings 


Supply Voltage (Pin 1 to GND) Power Dissipation, Pp at Ta = 90°C ............ 00. ee eee 15W 
Positive..... Tee ee ee eee To ood Seat smchcavarieciens 41VDC Thermal Resistance, Junction to Case: ................. 4°C/W 
Negative ........ ode kia Werte atleast Sere eee 1.4V DC Junction Temperature ...........-. cece eee eee eeee +150°C 
Sink Current ........... ‘Ghai Mlasimeag tiene aR See ead 1.9A Operating Temperature .................05. -.-40°C to +85°C 
Source Current......... Controlled by Internal Current Limiting Storage Temperature...................-4. -55°C to +150°C 

Input Voltage: Lead Temperature (During Soldering): 

Sink Input (Pin 4 to GND)..... 2... 0... cee eee eee 17V__ At Distance 1/16 + 1/32 in. (1.59 + 0.79mm) 
Source Input (Pin 5 to GND)........... 0... eee eee eee 17V from case for 10S MAX. ........ cc cee eee eee ees +265°C 

Maximum Forward Current - Diode D1................-055 2.5A 

Maximum Forward Current - Diode D2................0008- 3A 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications at T, = +25°C, Vcc = 10.5V to 18V Unless otherwise specified. 


PARAMETER SYMBOL - TEST CONDITIONS | MIN | TYP | MAX | UNIT 
Output Leakage Current, Pin 2 Inputs Open Voc = 4V to 18V -110 +0.5 110 pA 
See Figure5 Source and Sink Loads = 20Q 
Output Leakage Current, Pin 3 Inputs Open Voc = 4V to 18V " 110 +0.5 110 
See Figure 5 Source and Sink Loads = 20Q 
Device “ON” Input Terminals 70 100 mA 
Shorted, Voc = 14V 
Device “OFF” Input Terminals 17 
Open, Voc = 14V 


20 


R, = 200 


R, = 20Q 


aS 
oO 


ie) 

E 

ye) NO 
ds 


_ 
o> 
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Thermal Shutdown Temperature 


Overvoltage Shutdown -Circuit 
Upper Trip Point, Pin 1 Voltage 
See Figure7 


Overvoltage Shutdown - Circuit 
Lower Trip Point, Pin 1 Voltage 
See Figure 7 


Input Logic Levels; Source Input - Pin 5, Sink input - Pin 4 


Input Low Threshold Vit Voc = 14V (See Note 1) 
Sink or Source 

Input High Threshold Vin Voc = 14V (See Note 2) 2.4 
Sink or Source 

Input High Current iw Vin < 5.5V -110 -23 
Sink or Source 

Output Voltage, Pin 2 Vos Referenced to Vcc with 

See Figure 6 lsource = 600mA, See Note 3 


Short-Circuit Current Limit, 
C, = 100pF, RL = 330 hd 0.45 


Input Low Current 
Sink or Source 


= 
fe») 


Pin 2 to Ground 


Turn-On Delay to Output-On, 
Pin 2 


fo) 
fo) 
oi 
he 
—_, 
de 
oe 
[o>] 


a 


Turn-Off Delay to Output-Off, C, = 100pF, RL = 33Q 5 55 HS 
Pin 2 
Sink Outputs 


Output Saturation Voltage 
See Figure 9 


Isink = 600mA VIN < 0.4V V 
See Note 3 
See Note 3 


Output Saturation Voltage V 


See Figure 9 


V3 
3 


CA3169 


Electrical Specifications at T, = +25°C, Voc = 10.5V to 18V Unless otherwise specified. (Continued) 


[PARAMETER | SYMBOL | TESTCONDITIONS | __MIN[ TWP _[ MAX | UN 
ps 


Turn-On Delay to Output-On Ton CL = 100pF, RL = 33Q to Veco 0.45 5.6 

Pin 3 

Turn-Off Delay to Output-Off CL = 100pF, RL = 382 to Veco Lee ee 
Pin 3 


NOTES: 
1. Isource OF Igink $ 600MA, Vos < 1.5V, Veinx < 0.75V. 
2. Isource OF Isink S$ TOOHA, Vsource = GND, for Voinx 202 to Voc. 
3. Measured over temperature range of -40°C to +85°C. 


TRUTH TABLE FOR SOLENOID DRIVER 
TTL Logic Conditions: 0< VL < 0.8, 1.9<VH<5.5 


SOURCE IN SINK IN SOURCE OUT SINK OUT 
a 
a 


Ww 
O 
=| 
oc 
aa) 
Lt 
- 
< 
r 


Q20 


SOURCE 
ENABLE 


CONSTANT 
CURRENT 
SOURCE 


SOURCE 
V+ OUTPUT 


SINK 


D2 OUTPUT 


SINK 


ENABLE 
MOUNTING 


FLANGE 


= FIGURE 2. DETAILED SCHEMATIC OF THE OUTPUT CIRCUIT 


FIGURE 1. DETAILED SCHEMATIC OF THE INPUT CIRCUIT FOR CA3169. 
FOR CA3169. 
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CA3169 


Test Circuits 
(VCC = VIN = PIN 1 VOLTAGE) 


VIN VIN 


i i 


FIGURE 3. QUIESCENT CURRENT DEVICE “OFF”. FIGURE 4. QUIESCENT CURRENT DEVICE “ON”. 
Vin = 4V TO 18V | 
Vin=14V.9 Vos 
200 
FIGURE 5. OUTPUT LEAKAGE CURRENTS. FIGURE 6. OUTPUT SOURCE VOLTAGE (REFERENCED TO 


VCC). 


PROCEDURE 
1. Measure V12. 
2. Increase Vcc until V12 2 2V. 


3. Measure Vcc; this voltage is the high trip point. Pin 2 should be == When V¢g is turned on, IIN should be equal to or greater than 1A. 


off; i.e., pin 3 should be high. Thermal shutdown will operate properly if the input current drops 
4. Observe and measure the voltage at pin 3. below 0.5A (0.3A typ.) in 10 to 15 seconds. Cover the unit during 
this test in the event that the thermal shutdown is not operating 


5. Decrease Vcc until pin 3 switches, i.e., < 18V. The supply voltage 
will be the low trip point voltage. 


properly. . 
FIGURE 7. OVERVOLTAGE PROTECTION. FIGURE 8. THERMAL SHUTDOWN. 


ViN = 14V 7 


I = 600mA 


FIGURE 9. OUTPUT SATURATION VOLTAGE. 
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CA3169 


Typical Applications 


Vcc 


_ INPUT A 
(SOURCE) 

> INPUT B 

(SINK) 


LAMP B 


LAMP A 


When input A goes low, lamp A will light. 
When input B goes low, lamp B will light. 


FIGURE 10. LAMP DRIVER. 


Voc 


OUTPUT A INPUT A 
> (SOURCE) 
OUTPUT B INPUTS 
(SINK) 


Relay A will close when in input A goes low. Relay B will close when 


input B goes low. Both relays will close when both inputs go low. 


FIGURE 12. RELAY DRIVER. 
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Vcc 


SOURCE OUTA 


_ INPUT A 
(SOURCE) 


> INPUT B 
(SINK) 


SINK OUT B 
Input A and input B must both be low for the solenoid to switch. 


FIGURE 11. NON-LATCHING SOLENOID. 


INPUT INPUT INPUT INPUT 
241A 28. = 1B 
(SOURCE (SINK (SOURCE (SINK 
INA) INA) INB) INB) 


When opposing inputs go low, the motor will switch direction; if 
source input A and sink input B both go low, current will flow from A 
to B. If source input B and sink input A both go low, current will flow 
from B to A. 


FIGURE 13. MOTOR DRIVER OR LATCHING SOLENOID 
DRIVER. 
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FARRIS 


SEMICONDUCTOR 


PRELIMINARY 


May 1992 


Features 


Maximum Rating ............02 ccc eee eeeceeuns 
Ability to Interface and Drive N-Channel Power Devices 
Floating Bootstrap Power Supply for Upper Rail Drive 


CMOS S4chmitt-Triggered Inputs with Hysteresis and 
Pull-Down 


100kHz Operation 


¢ Single Low Current Bias Supply Operation ....7mA Typ 
e Latch-up Immune CMOS Logic 

© (Peak Dive? sc si tee wdaeescse hous eeeakins Up to 2.0A 
¢ Gate Drive Switching Time............... < 150ns Typ 
Applications 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


High Frequency Switch-Mode Power Supply 
Induction Heating and Welding 

Switch Mode Amplifiers 

AC and DC Motor Drives 

Electronic Lamp Ballasts 

Battery Chargers 

UPS Inverters 


14 PIN PLASTIC DIP 
TOP VIEW 
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HIP2500 


Half-Bridge 500Vp¢ Driver 


Description 


The HIP2500 is a high voltage integrated circuit (HVIC) 
optimized to drive MOS gated power devices in half- 
bridge topologies. It provides the necessary control for 
PWM motor drive, power supply, and UPS applications. 


Ordering Information 


PART TEMPERATURE PACKAGE 


HIP2500IP -40°C to +85°C 14 Lead Plastic DIP 


Functional Block Diagram 


HIP2500 


> Voc 


COM 


2801.1 


File Number 


Specifications HIP2500 


Absolute Maximum Ratings Full Temperature Range Unless 
Otherwise Noted, All Voltages Referenced to Vgs Unless Otherwise Noted. 


Floating Supply Voltage, Vg..............- V>-0.5V to Vot+16.5V 
(Positive Terminal) 

Floating Supply Voltage, Vg... . ce eee eee ee ee ees 500V 
(Common Terminal) 

High Side Channel! Output Voltage, Vuo ......-. -0.5V to Vg+0.5V 

Fixed Supply Voltage, Vog. 1... eee eee ee eee -0.5V to 16.5V 

Low Side Channel Output Voltage, Vio........ -0.5V to Vect+0.5V 

Logic Supply Voltage, Vpn... -.--- ee eee ee eee eee -0.5V to 16.5V 

Logic Input Voltage, Vin... .... eee eee eee eee -0.5V to Vpp+0.5V 


[HIN, LIN & SD (Shutdown)] 


Thermal Characteristics 


Thermal Resistance, Junction-to-Ambient Oia 
Plastic DIP Package ss. 42545005000 eeve ww ears 75°C/W 
Maximum Package Power Dissipation at +85°C 
Plastic DIP Package: xc ici vedas ca 54% Re ew we 500mW 
Maximum Junction Temperature Range......... -40°C to +125°C 
Storage Temperature Range, Ts.........-.-+-- -40°C to +150°C 
Operating Ambient Temperature Range, T,....... -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended DC Operating Conditions 


Floating Supply Voltage, Vg.............46- Vgt+10V to Vgt+15V 
(Floating Terminal) 

High Side Channel Output Voltage, Vuo ...-.---------- 10V to Vp 
(With Respect to Vs) 

Fixed Supply Voltage, Veg... 1. cee eee eee eee eee 10V to 15V 


Low Side Channel Output Voltage, VLO.............. OV to Voc 
Logic Supply Voltage, Vpp .....- ee eee ee ce eee eee 4V to Voc 
Floating Supply Voltage, Vg .........2. ee ee ee eee -4.0V to 500V 


(Common Terminal) 


Electrical Specifications Voc = (Vg-Vs) = Vpp = 15V, Cou = Vg = 0 and Ty = +25°C, Unless Otherwise Noted 


DC CHARACTERISTICS 


Quiescent Vpp Current 


Output Low Short Circuit Current (Sinking) 


Quiescent Vgs Current | lows 280 400 yA 


a 
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Specifications HIP2500 


Switching Specifications 


HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF 


EID nk ai cl SR 
Pravsearnonrenworooe Tm Tm Tm Tm 
High Side Turn-Off Propagation Delay torr 
z 

ae 


High Side Turn-On Rise Time 


High Side Turn-Off Fall Time 


_ 


LOW SIDE CHANNEL, CL = 1000pF 


— 
fi 
NO 
© 
NO 
ce 
io) 
o1 


275 350 


aS 
i) 
on 


Low Side Turn-on Propagation Delay 


‘ 
=z 


Low Side Turn-off Propagation Delay 225 275 330 
Low Side Turn-on Rise Time 


Low Side Turn-off Fall Time 


Shutdown Propagation Delay 
High Side Shutdown tspHo 


o 
9 
n 
i) 
“I 


ie) 
i=) 
i) 
w 
©O 
ol 


450 
Low Side Shutdown 


—_ 
~ 
s) 
@) 


240 360 


ce ce 
FS 


Logic Truth Table 


ee le ee ee 
ee oe ee ee ee er 
Be 

ee ee. 
a ae ee ee ee re 
SIR ee ee 
re ee ee a Oe eee 
Ld Le ee ae 
Le ae Se Se ee 


ho 
> 
ao 
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a 
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1 Ves UV Lockout 
Vec UV Lockout 
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Porth SP600 


May 1992 Half-Bridge 500Vpc Driver 


Features Description 


e Maximum Rating The SP600 is a smart power high voltage integrated circuit 


: ; (HVIC) optimized to drive MOS gated power devices in half- 
e_enility: to Interiace:and Drive standard-and Curent bridge topologies. It provides the necessary control and 


Sensing n-Channel Power MOSFET/GBT Devices management for PWM motor drive, power supply, and UPS 


Creation and Management of a Floating Power Supply applications. 
for Upper Rail Drive 


Simultaneous Conduction Lockout 


Overcurrent Protection Orderin g Information 


Single Low Current Bias Supply Operation 
P TEMPERATURE PACKAGE 
Latch Immune CMOS Logic 
An? (e) : : 
Peak Drive in Excess of 0.5 Amp SP600 40°C to +85°C 22 Pin Plastic DIP 


Pinout Functional Block Diagram 


22 PIN DIP 
TOP VIEW 


Veias = 62 Ryo 


BOT 


21 


ITRIPSEL 


2 


5! fi 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2428 2 
Copyright © Harris Corporation 1992 4-14 


HALF BRIDGE 


Specifications SP600 


Absolute Maximum Ratings Full Temperature Range, All 
Voltage Referenced to Vss Unless Otherwise Noted. Notes 1, 2. 


Power Dissipation and Thermal Characteristics 


Low Voltage Power Supply, Vajas (Note 1)..........-.68- 18Vp¢ ‘Thermal Resistance, Junction-to-Ambient Bia 
Floating Low Voltage Boot Strap ............ cece ences 18Vpc Plastic DIP Package 75°C/IW 
Power Supply to Phase, Vas . Maximum Package Power Dissipation at Ty = +85°C, Po 
Low Voltage Signal Pins a Plastic: DIP PaCkage. ¢.i ied cet oar eeseeencwtaumeeuss 500mW 
Fault, Irpip set» Vop» TRIP, CL1, G2L...... ~0.5Vpc¢ tO Vpp +0.5 Operating Ambient Temperature Range, Ta ....... -25°C to +85°C 
GiL, DIL, Vos, TOP, BOT . Storage Temperature Range, Ts..........-.06- -40°C to +150°C 
CL2, TRIPy, G1 U, G2U, D1U to Phase ..... -0.5yp¢ to Vast0.5 
High Voltage Pins 
Phase, VPHASE IOC UN Ee a ee 500Vpc 
(Vas) Vourn TRIPy, CL2, G2U & D1iU: OV-18V Higher Than 
Phase) 
Dynamic High Voltage Rating Phase,............. 10,000V/1s 
DVpHaserdt 
NOTES: 


1. Care must be taken in the application of Vaias as not to impose high peak dissipation demands on a relatively small metallized noise dropping resistor (Rp). 
Prolonged high peak currents may result if +15Vp¢ is applied abruptly and/or if the local bypass capacitor Cpp is large. Itis suggested that Cop be s 10MFD. 
If it is desirable to switch the 15Vpc source or if a Cop is larger, additional series impedance may be required. 

2. Consult factory for additional package offerings. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications (Vpi,s = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 


Vsg Except TRIPy, CL2, G1U, D1U, & Vag Referenced to PHASE. DF: Vpr to Vgs, CF: Vag to PHASE 


[______Panaweren | svwpou | vem | win | tye | wax | unis) 
a 


DC CHARACTERISTICS 
Input Current (5V < Vrop; Veot: VIRIPseL < 15V) 


A 
Tacs | - | oo | = | ma 


-40°C to +85°C 


Ipiag Quiescent Current (Voyy 2 Vaias; and All Inputs +25°C 
now) | | Rak -40°C to +85°C 
lps Quiescent Current Bootstrap Supply +25°C 


+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 


Trip Lower and Upper Comparator Threshold 
Level - Normal (lTRIPgey = Vgs) 


ee 
Oo 
U 
z 
@ 
” 
> 
of 
Qa. 
0) 
< 
2. 
Ei 
fe} 
uv 
; 


VIRIP UUy 
VIRIP UUg 


Trip Lower and Upper Comparator Threshold 


Level - Boost (ItRipg., = Vop) % of Measured 
VrRip Wu | 


Under Voltage Lockout Thresholds (Vpp & Vas) Viock —-+25°C 
| -40°C to +85°C 


+25°C 
-40°C to +85°C 

+25°C 
-40°C to +85°C 


Phase Out of Status Voltage Threshold (PHASE) 
Faultbar Impedance at Irgarn = 1mMA RF 
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Specifications SP600 


Electrical Specifications (Vgj,5 = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
Vg Except TRIPy, CL2, G1U, D1U, & Vgg Referenced to PHASE. DF: Vor to Vag, CF: Vag to PHASE 


[____Panaweren | svweou | temp __[ wn [ vvp | wax | une 


Upper/Lower Sink Impedances (Isiyq = 10MmA) Rs vu +25°C Fo a8 { 12 ©] 6 | 
1 


+25°C 
-40°C to +85°C 


Noise Dropping Resistor Impedance +25°C Po aa ae 14 


High Voltage Leakage (500V Vag, Vout, PHASE, live +25°C 


TRIPy, CL2, G1U, G2U, & D1U to Vgg. All other Pins 


1.4 
5.4 
at Vss) 


Miller Clamp Diodes; D1U and D1L (Ip = 10mA) Vin 


hal =a 

aA eT ee 
Ee 7 

a 


-40°C to +85°C 


Noise Clamping Zeners; CL2 and CL1 (Iz = 50mA) 425°C 


Vout Limiting Resistance Ro +25°C 
-40°C to +85°C 


NOTE: Maximum Steady State + 15Vp¢> Supply Current = pias, + Ips 


Switching Characteristics (All Referenced to V,,, Except: Trip,, Cl2, Glu, G2u, And D1u Referenced to PHASE. Dr: Vpg to Vas, 
Cr: Ves to PHASE) 


PARAMETER SYMBOL TEMP 


Refresh One Shot Timer tree +25°C 200 350 | 500 | 


Delay Time of Trip I/u Voltage (Itpip sel. low) to +25°C | 2 | 3 | 4 | 


. : 
G2U/G2L Low (50% Overdrive -40°C to +85°C 


Delay Time of Trip | Voltage (Iypip sel. low) to ten +25°C 


Delay Time of Phase Out of Status to Faultbar tosve +25°C | 500 | 7oo | 900 | 
cowry -40°C to +85°C 700 1050 


Minimum Logic Input Pulse Width: TOP & bani 425°C 300 430 | 600 | 

Minimum G1U/G1L On Time ton +25°C 

Minimum Pulsed Off Time, G2U/G2L torr +25°C 
-40°C to +85°C 


-40°C to +85°C 
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HALF BRIDGE 


Specifications SP600 


Switching Characteristics (All Referenced to V,., Except: Trip,, Cl2, Giu, G2u, And Diu Referenced to PHASE. Dr: Vopr to Vas, 


Cr: Vas to PHASE) (Continued) 
UNITS 
US 


——rarawerer | vwpor | vewe [ww [we | wax | 


Turn On Delay Time of G1U (TRISTATE MODE) | — tony ee ee ee 
Turn On Delay Time of G1L (TRISTATE MODE) | tony o75 | 10 | 15 | 
ee ee ee 
Turn Off Delay Time of G2U and G2L tory 075 | 10 | 145 | 
ee eee ee 
Minimum Dead Time: G1U offtoGiLon,orGit | tor | +2sec | 15 | 25 | 35 | 
treowenwemenng "| apes p ap ge 


2000pF) 


Fall Time of Upper & Lower Driver (Load = 


Recommended Operating Conditions and Functional Pin Description (All Voltages Referenced to Vsg, Unless 
. Otherwise Noted. See Figure 1) 


14.5V to 16.5V with 15V nominal, = 1.5mA DC BIAS Current 
L 


Vpp 
Vss 
Current Limiting Charging Resistor for Bootstrap Capacitor Power Supply 


Bootstrap Supply, Normally a Diode Drop Below Vpp Voltage with Respect to the Floating PHASE Reference 


Floating Reference Point for High Side Control Circuitry: Vas, TRIPy, CL2, GiU, G2U & D1U 
[Bet__[DataiputtoConmandtmeLOWERON 
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SP600 


Timing Diagram 


TOP 1 — | fF 
0 
BOE bp ee te ee 
0 
1 
REFRESH | | | | 
ONE SHOT 0 
ce | eee | 
lonB 0 
1 
VALID BOTon 0 | | 
Tr | | So | 
OFF ‘ 
lonT : ] ] 
ON 0 
lorr8 : 
OFF ‘ | | | | 
1 
UPPER | | | | 
0 
LOWER ; ] | 
0 


Voc 
Vout \ I / 
COM 
TRISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 
NOTE: BOT switching not relevant. 


Typical Circuit Configuration 


TOP 


BOT 


REFRESH 
ONE SHOT 


lonB 


VALID BOTon 


lorrT 


lonTt 


lorrB 


UPPER 


LOWER 


Vout 


=o - 0-4 90 = 


oO "-o “—-0o" 0+ 0o8o “~*~ Oo =~ O&O 


BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


TRUTH TABLE 
Applicable to Typical Circuit Configuration (Figure 1) 


INPUTS OUTPUTS 
LOWER FAULT BAR 


NOTE: 0O = False, 1 = True, X = Don’t Care 
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SP600 


25Vpc < Vunk < 500Vpc 


DIU GiU G2U TRIPy PHASE Vout 


Ves 


BOT 


TOP 


SYSTEM CONTROL 


ITRIP SELECT 


Veias Yop Vss 


Refer to ‘Additional Product Offerings’ for information concerning power output devices. 
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SP600 


Functional Description 


The SP600 provides a flexible, digitally controlled power 
function which is intended to be used as PWM drivers of 
n-channel MOSFETs and/or IGBTs for up to 240VAC line 
rectified totem-pole applications. The CMOS driveable 
inputs are filtered and captured by the control logic to deter- 
mine the output state. The logic includes fixed timing to pro- 
hibit simultaneous conduction of the external power switches 
and, thru the Voy7 sense detector, verifies the output voltage 
state is in agreement with the controlled inputs. The 
> 11VDC floating power supply required to drive the upper 
rail external power device is created and managed by the 
HVIC through Cf and Df. This capacitor is refreshed from the 
Vpp supply each time Vout goes low. If the upper channel is 
commanded on for a long period of time, the bootstrap 
capacitor Cf is automatically refreshed by bringing Vout low. 
This is accomplished by turning off the upper rail MOSFET/ 
IGBT, momentarily turning on the lower rail output device, 
followed by returning control back to the upper switch. Other- 
wise, Cf would gradually deplete its charge allowing the 
upper switch to come out of saturation. The upper and lower 
gate drivers allow for controlled charge and discharge rates 
as well as facilitate the use of nearly lossless current sensing 
power MOS devices. The over current trip level can be 
boosted 30% on a pulse by pulse basis by logic level ‘1’ 
applied to TRIP SELECT: A FAULT output signal is generated 
when any of the following occurs: 


V bias is low 
Over current is detected 
V phase doesn't agree with the input signal 


Reset of FAULT is provided by externally removing power or 
by hoiding both TOP and BOT inputs low for the required 
reset time (trtyax). 


Each application can be individually optimized by the selec- 
tion of external components tailored to ensure proper overall 
system operation including: 


Determining the ratings and sizing of MOSFETs and IGBTs, 
mixed or matched, as well as flyback diodes (FBD). 


The selection of separate gate charge (Rc) & discharge (Rp) 
impedance chosen per the load capacitance, frequency of 
operation, and D,/D; dependent recovery characteristics of 
the associated FBDs. Rp should also be sized to prevent 
simultaneous bridge conduction by ensuring gate discharge 
in the allotted turn off pulse width (torr win)- 


The selection of over current detection resistors (Rp), com- 
patible with current sense MOSFETs/IGBTs or shunt(s) may 
be used. 


For the floating bootstrap supply De & Ce must be deter- 
mined. De must support the worse case system bus voltage 
and handle the charging currents of Ce Proper selection 
should take into consideration Tar and Trp per the desired 
operating frequency. Proper selection of Cr is a trade off 
between the minimum toy time of the lower rail to charge up 
the capacitor, the amount of charge transfer required by the 
load, and cost. Due to automatic refresh the capacitor is 
replenished every 350us TYP (or even sooner if input com- 
mands the TOP to switch at a faster repetition rate). 


The local filter capacitor (Cpp) should be sized sufficiently 
large enough to transfer the charge to Ce without causing a 
significant droop in Vpp. As a rule of thumb it should be at 
least 10 times larger than Cr and be located adjacent to the 
Vpp and Vsg pins to minimize series resistance and 
inductance. 


Refer to Application Note AN-8829 for more details about module operation and selection of external components. 


HALF BRIDGE 


ta} FARRIS 


SEMICONDUCTOR 


SP601 


May 1992 | Half-Bridge 500Vpc Driver 
Features _ Description 
¢ Maximum Rating .......-....-.2eeeee0- Rare 500V The SP601 is a smart power high voltage integrated circuit 


: (HVIC) optimized to drive MOS gated power devices in half- 
Ability to Interface and Drive Standard and Current bridge topologies. It provides the necessary control and 


Sensing N-Channel Power MOSFET/IGBT Devices management for PWM motor drive, power supply, and UPS 


Creation and Management of a Floating Power Supply applications. 
for Upper Rail Drive 


Simultaneous Conduction Lockout 


Overcurrent Protection Orderin g Information 


SP601 -40°C to +85°C 22 Pin Plastic DIP 


Single Low Current Bias Supply Operation 
Latch Immune CMOS Logic 


Peak Drive in Excess of 0.5 Amp 


Pinout — Functional Block Diagram 
22 PIN DIP Ves 
TOP VIEW 12 
- piu 
Veias 62 Ryo = auu 
: 3 our 18 | 
DD 
LEVEL eee c2u( $ 


2.50 Res 


~oo 
=09 a A 


IKRS 


rae 7502 es 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 
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Specifications SP601 


Absolute Maximum Ratings Full Temperature Range, All 
Voltage Referenced to Vsg Unless Otherwise Noted. Notes 1, 2. 


Low Voltage Power Supply, Vajas (Note 1)............06- 18Voc 

Floating Low Voltage Boot Strap ............. 0c eee eens 18Vpc 
Power Supply to Phase, Vgs 

Low Voltage Signal Pins 


Fault, ItRIp SEL: Vop: TRIP;, CL1, ( Eee -0.5Vpc to Vop +0.5 

GAL, DiL, Vpp TOP, BOT 

CL2, TRIPy, G1U, G2U, D1U to Phase ..... -0.5yp¢ to Vast0.5 
High Voltage Pins 

Phase, VPHASE ee a ame eee ee es ee Oe me ee CR Tee 500Vpc 


(Vas, Vout TRIPy, CL2, G2U & D1U: OV-18V Higher Than 
Phase) 
Dynamic High Voltage Rating Phase,............. 10,000V/ps 
DVpHASE/dt 

NOTES: 


Power Dissipation and Thermal Characteristics 


Thermal Resistance, Junction-to-Ambient Oia 
Plastic DIP Package 75°C/W 
Maximum Package Power Dissipation at T, = +85°C, Po 
Plastic: DIP Package <.eivesse eis oe cane eee be eee a Ss0O0mW 
Operating Ambient Temperature Range, T,....... -25°C to +85°C 
Storage Temperature Range, Ts............6.4. -40°C to +150°C 


1. Care must be taken in the application of Vgias as not to impose high peak dissipation demands on a relatively small metallized noise dropping resistor (Rp). 
Prolonged high peak currents may result if +15Vp¢ is applied abruptly and/or if the local bypass capacitor Cop is large. Itis suggested that Cop be < 10MFD. 
If it is desirable to switch the 15Vpc source or if a Cop is larger, additional series impedance may be required. 


2. Consult factory for additional package offerings. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications .(Vgj,s = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
Vss Except TRIPy, CL2, G1U, D1U, & Vgg Referenced to PHASE. DF: Vopr to Vgs, 


CF: Ves to PHASE 


DC CHARACTERISTICS 


Isiag Quiescent Current (All Inputs Low) IBIAS, 


Ipiag Quiescent Current (Voyr 2 Vaias, and All Inputs lBIASy 
Low) 


Current Trip Select Threshold Level VIRIPseL 


Trip Lower and Upper Comparator Threshold Virip UU 
Level - Normal (ITRIPgey = Vgs) 


Trip Lower and Upper Comparator Threshold 
Level - Boost (Itripge, = Vpp) % of Measured 


VIRIP LUp 
Under Voltage Lockout Thresholds (Vpp & Vgs) 


VTRIP Ug 


Viock 


Phase Out of Status Voltage Threshold (PHASE) Vosvt 


7 


Faultbar Impedance at Irgan = 1mA 


[paramere «dp Svweoc [ewe] wn [wp | wax] 


aa 
a 
Parco | - [a —*| a | a 


Input Current (SV < Vrop, Vgot: Vrripge, < 15V) a 


ae 
-40°C to +85°C ma 
eet 


-40°C to +85°C 


lps Quiescent Current Bootstrap Supply [™ 4 


ie 
a 
-40°Cto+ss°c | - | 
Ee 
-40°C to +85°C 

as 
-40°C to +85°C 
-40°C to +85°C 


-40°C to +85°C 


-40°C to +85°C 


-40°C to +85°C 
-40°C to +85°C 


-40°C to +85°C 


+25°C 


2.05 mA 
: mA 
2.05 mA 
2.1 mA 
m1 
m1 


N 
— 


+25°C 


425°C 
1060 


> 


+25°C 


+25°C 
425°C Loe 
425°C E80" m 

= ; 


fo) 


|e 


+25°C 


125 
127 
110 
152 % 


+25°C 
10.5 


1.7 
1.7 
erg 
1.7 
875 
105 
130 
130 
+25°C 


+25°C 


Q 


7 

= 
C0 
a 
coe 


a 
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Specifications SP601 


Electrical Specifications (Vera = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
. Vsg Except TRIPy, CL2, G1U, D1U, & Vag Referenced to PHASE. DF: Vopr to Vag, 
CF: Ves to PHASE (Continued) 


[____PaRameren | symeoc| remem | WP | Max | ons 
Upper/Lower Source Impedances (Igource = 10MA) | Rso wu ee ee Le ee 
Paorcivaee | 7 | 7 |» | a _ 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
425°C. 
-40°C to +85°C 


+25°C 1.4 


-40°C to +85°C 1.05 1.4 
.+25°C 
-40°C to +85°C 
+25°C 
+25°C 
-40°C to +85°C 


Upper/Lower Sink Impedances (Isinx = 10MA) Rg yu 


—_, 


Bootstrap Supply Current Limiting Impedance 
1.4 
Noise Dropping Resistor Impedance 
5.4 


High Voltage Leakage (500V Vgs, Vout, PHASE, 
TRIPy, CL2, G1U, G2U, & D1U to Vgg. All other Pins 
at Vos) 


Miller Clamp Diodes; D1U and D1L (Ip = 10mA) 
Noise Clamping Zeners; CL2 and CL1 (Iz = 10mA) 


ILK 
Noise Clamping Zeners; CL2 and CL1 (Iz = 50mA) 


Vout Limiting Resistance 


NOTE: Maximum Steady State + 15Vp¢ Supply Current = Ipias, + Ips 


© _ 
: Oo hr. 


i, 1 


1.4 


Switching Characteristics (All Referenced to V,,, Except: Trip,, Cl2, Giu, G2u, And Diu Referenced to PHASE. Dg: Vopr to Ves; 
Cr: Vag to PHASE) | 


PARAMETER SYMBOL TEMP 


Refresh One Shot Timer +25°C 
Delay Time of Trip 1/u Voltage (Izpip sel. low) to +25°C 
G2U/G2L Low (50% Overdrive -A0°C to +85°C 
Faultbar Low -A0°C to +85°C 
Low (TOP High) a -40°C to +85°C 
Minimum Logic Input Pulse Width: TOP & _+25°C 
Minimum G1U/G1L On Time — | ton 425°C 

, -40°C to +85°C 


-  +25°C 
Turn On Delay Time of GiL (BISTATE MODE) tony 


T 


~< 


P UNITS 


to) 

ou) 

o) 
= 
oO 


—_ 


4.35 


400 


~“ 


275 430 


& 


a 
=) 


wo | oo 
aa es 
rr 


-40°C to +85°C 1.0 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 


o 


PERE 
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Specifications SP601 


Switching Characteristics (All Referenced to V,., Except: Trip,, Cl2, Giu, G2u, And Diu Referenced to PHASE. Dr: Vpr to Ves, 
Cr: Vas to PHASE) (Continued) 


[___Panameven____[ svweou] vem» [wn [wr | _wax_| units 


Turn On Delay Time of G1U (TRISTATE MODE) | ton, 0.75 
csececanebhicatiaens beg en eos ce 
Turn On Delay Time of G1L (TRISTATE MODE) | ton, 075 | 10 | 15 | 
iene gd ary ao ea ed ac 
Paes | os [a 


Minimum Dead Time: G1U off to GiL on, or GIL tor ee ee ee ee ee ee 
iecueneemrencog "STS eta pee ee 
AN 

| ns 

pons | 

pe ies 

| ns 


Fault Reset Delay to Clear Faultbar tat ee ee ee ee 

oe ee 
Rise Time of Upper & Lower Driver (Load = ta un ee ee ee ee 
Fall Time of Upper & Lower Driver (Load = pve Pee ST 100 


2000pF) 


Recommended Operating Conditions and Functional Pin Description (All Voltages Referenced to Vsg, Unless 
Otherwise Noted. See Figure 1) 


PARAMETER CONDITION 


Bootstrap Supply, Normally a Diode Drop Below Vpp Voltage with Respect to the Floating PHASE Reference 


Load Connection Node 
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Timing Diagram 


SP601 


ENABLE 1 re ee ENABLE 1 
0 . 0 
UP/DOWN 1 UP/DOWN 1 
0 0 
REFRESH ’ | | | | REFRESH 1 
ONE SHOT 0 ONE SHOT 0 
1 1 
lonB og JL lonB | | | 
1 , 1 
VALIDBOTon = g | | VALID BOTon : | | | | 
1 ] ] ] 1 
lorrT 0 lorrt 
| ) _| || a | 
lonT 0 lonT 6 
. 1 1 
lorrB lorrB | | | | | | 
0 0 
1 1 
UPPER | | : | | UPPER | | | | | | 
0 0 
LOWER LOWER 
0 0 | L {LE 
Voc Vv 
Vout » \ / Vout NEN Na 
COM COM 


TRISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 
NOTE: BOT switching not relevant. 


Typical Circuit Configuration 


TRUTH TABLE 
Applicable to Typical Circuit Configuration (Figure 1) 


LOWER FAULT BAR 
1 


NOTE: 0 = False, 1 = True, X = Don't Care 
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SP601 


25Vpoc Ss Vunk S$ 500Vpc 


ENABLE 


onan SVVVV20ne 


UP/DN LOAD. 


FAULT 


SYSTEM CONTROL 


ITRIP SELECT 


Veias Yop Vss_ TRIP, - 


Refer to ‘Additional Product Offerings’ for information concerning power output devices. 
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SP601 


Functional Description 


The SP601 provides a flexible, digitally controlled power 
function which is intended to be used as PWM drivers of 
n-channel MOSFETs and/or IGBTs for up to 240VAC line 
rectified totem-pole applications. The CMOS driveable 
inputs are filtered and captured by the control logic to deter- 
mine the output state. The logic includes fixed timing to pro- 
hibit simultaneous conduction of the external power switches 
and, thru the Voyr sense detector, verifies the output voltage 
state is in agreement with the controlled inputs. The 
> 11VDC floating power supply required to drive the upper 
rail external power device is created and managed by the 
HVIC through Cf and Df. This capacitor is refreshed from the 
Vpp supply each time Vout goes low. If the upper channel is 
commanded on for a long period of time, the bootstrap 
capacitor Cf is automatically refreshed by bringing Voyr low. 
This is accomplished by turning off the upper rail MOSFET/ 
IGBT, momentarily turning on the lower rail output device, 
followed by returning control back to the upper switch. Other- 
wise, Cf would gradually deplete its charge allowing the 
upper switch to come out of saturation. The upper and lower 
gate drivers allow for controlled charge and discharge rates 
as well as facilitate the use of nearly lossless current sensing 
power MOS devices. The over current trip level can be 
boosted 30% on a pulse by pulse basis by logic level ‘1’ 
applied to Irpip seLtect- A FAULT output oat is generated 
when any of the following occurs: 


V bias is low 
Over current is detected 
V phase doesn’t agree with the input signal 


Reset of FAULT is provided by externally removing power or 
by holding the ENABLE input low for the required reset time 
(trtwax): 


Each application can be individually optimized by the selec- 
tion of external components tailored to ensure proper overall 
system operation including: 


Determining the ratings and sizing of MOSFETs and IGBTs, 
mixed or matched, as well as flyback diodes (FBD). 


The selection of separate gate charge (Rc) & discharge (Rp) 
impedance chosen per the load capacitance, frequency of 
operation, and D/D; dependent recovery characteristics of 


the associated FBDs. Rp should also be sized to prevent 


simultaneous bridge conduction by ensuring gate discharge 
in the allotted turn off pulse width (tore min)- 


The selection of over current detection resistors (Rp), com- 
patible with current sense MOSFETs/IGBTs or shunt(s) may 
be used. 


For the floating bootstrap supply De & Ce must be deter- 
mined. De must support the worse case system bus voltage 
and handle the charging currents of Ce Proper selection 
should take into consideration Tar and Trr per the desired 
operating frequency. Proper selection of Cr is a trade off 
between the minimum ton time of the lower rail to charge up 
the capacitor, the amount of charge transfer required by the 
load, and cost. Due to automatic refresh the capacitor is 
replenished every 350s TYP (or even sooner if the UP/DN 
input switches at a faster repetition rate). 


The local filter capacitor (Cpp) should be sized sufficiently 
large enough to transfer the charge to Ce without causing a 
significant droop in Vpp. As a rule of thumb it should be at 
least 10 times larger than Cre and be located adjacent to the 
Vpp and Vss pins to minimize series resistance and 
inductance. 


Refer to Application Note AN-8829 for more details about module operation and selection of external components. 
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POWER ICs 
AC TO DC CONVERTERS 


PAGE 
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mine Zero-Voltage Switches for 50-60Hz and 400Hz Thyristor Control Applications................ 5-3 


AC TO DC 
CONVERTERS 
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AC to DC Converter Selection Guide 


SENSOR CONTROL CURRENT 
RANGE (RX) | TOTHYRISTOR GATE 


AC INPUT 


VOLTAGE AT MAX MAX INPUT 


50-60Hz & DC SUPPLY CURRENT 
DESCRIPTION 400Hz (VAC) VOLTS (V) 


Zero Voltage Switch 24V Up to 124 with Internal 
~—120V —| Supply; Up to 240 with 
208/230V One External Supply 
277V 


NOTE: 
1. Electrical Characteristics at T, = +25°C, 14 Lead Dual-In-Line (E) Package 


Operating Temperature Range (Ta): -55°C to +125°C. 


mt Ss CA3059 
Sraty fri CA3079 


Zero-Voltage Switches for 50-60Hz and 
May 1992 400Hz Thyristor Control Applications 


Features Description 


¢ Relay Control The CA3059 and CA3079 zero-voltage switches are mono- 
¢ Valve Control lithic silicon integrated circuits designed to control a thyristor in 
; a variety of AC power switching applications for AC input volt- 
Synchronous Switching of Flashing Lights ages of 24V, 120V, 208/230V, and 277V at 50-60Hz and 
* On-Off Motor Switching 400Hz. Each of the zero-voltage switches incorporates 4 func- 
Differential Comparator with Self-Contained Power _ tional blocks (see the Functional Block Diagram) as follows: 


Supply for Industrial Applications 1. Limiter-Power Supply - Permits operation directly from an 
Photosensitive Control AC line. 


¢ Power One-Shot Control 


2. Differential On/Off Sensing Amplifier - Tests the condition 


¢ Heater Control | of external sensors or command signals. Hysteresis or 
e¢ Lamp Control proportional-control capability may easily be implement- 
T Feat ed in this section. 
e reatures 

YP Ends ere 3. Zero-Crossing Detector - Synchronizes the output pulses 
° 24V, 120V, 208/230V, 277V at 50/60.... X X of the circuit at the time when the AC cycle is at zero volt- 

or 400Hz Operation age point; thereby eliminating radio-frequency interfer- 
¢ Differential Input .................. X xX ence (RFI) when used with resistive loads. 
¢ Low Balance Input Current (Max)-HA... 1 2 4. Triac Gating Circuit - Provides high-current pulses to the 
¢ Built-In Protection Circuit for ........ X X gate of the power controlling thyristor. 


Opened or Shorted Sensor (Term 14) 


In addition, the CA3059 provides the following important 7») 
¢ Sensor Range (Rx) - KQ...........-- 2-100 2-50 = auxiliary functions (see the Functional Block Diagram). or 
e¢ DC Mode (Term 12) ...........2008. X a= 

1. Abuilt-in protection circuit that may be actuated to remove oa 

e External Trigger (Term 6)............ X drive from the triac if the sensor opens or shorts. a = 

e ibit (Term 1) ............ fi ee . = 

External MD recy . 2. Thyristor firing may be inhibited through the action of an Te) 

e DC Supply Volts (Max) ...........4.. 14 10 internal diode gate connected to Terminal 1. 0 
¢ Operating Temperature Range (°C)... -55 to +125 


3. High-power dc comparator operation is provided by over- 
riding the action of the zero-crossing detector. This is ac- 


Ordering Information complished by connecting Terminal 12 to Terminal 7. 


Gate current to the thyristor is continuous when Terminal 
Se TENE EOATORE |___PACKAGE 13 is positive with respect to Terminal 9. 
CA3059 -55°C to+125°C | 14 Lead Plastic DIP aa iGaapca angOAaore isa iecads isan das 
Seo e an are supplied in ead dual-in- 
Cee 55°C to+125°C_| 14 Lead Plastic DIP | ine plastic packages. They are also available in chip form 
cAMEOH | CC ce «| H sui. 
casos |S Deo 


Pinouts 


CA3059 CA3079 
TOP VIEW TOP VIEW 


14] DO NOT USE 
13} SENSE AMP IN 
1 DO NOT USE 


INHIBIT [ 1 | 14] FAIL-SAFE DO NOT USE| 1| 
DC SUPPLY [2| 73] SENSE AMP IN DC SUPPLY [2| 


HIGH CURRENT HIGH CURRENT 
NEG. TRIGGER ZCD OVERRIDE NEG. TRIGGER L3y 


TRIGGER OUT | 4} 11] R DRIVER (COM) TRIGGER OUT] 4| 


11] R DRIVER (COM) 


ACIN[5| 0] R DRIVER V* AcIN[5| 10] R DRIVER V* 
TRIGGER IN[6| '9| SENSE AMP REF DO NOT USE [6 19] SENSE AMP REF 
COMMON 181 COMMON COMMON 18] COMMON 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 490.2 
Copyright © Harris Corporation 1992 5.3 


CA3059, CA3079 


- Functional Block Diagram 


BSVewVVBeweeseerf, ewes eV ses eweweeseewtewewevwveeesesteransaesezruese 


CURRENT 
BOOST 


EXTERNAL | id: 
-, INHIBIT : 


Ac InPpuT @ 
VOLTAGE 


NOTE: Circuitry within shaded areas, not included in CA3079 


@ See chart 
A IC = Internal connection - DO NOT USE (Terminal restriction applies only to CA3079) 


FOR DC MODE Rp 


OR 400Hz Rs—NSOR 
ic4§2 OPERATION Cr 
eee Ee a paiieiaaii | 100nF i 
R ‘ Ry 8 ’ 15V . 
: S 3): 5 boot COMMON == (2) 43 == COMMON 
AC : Sea RSS She sese ests Sesen thse seeSsSe : 
LINE : N 
INPUT : : 
% LY 
: D2 : 
a A Y 
4 iY 
4 AY 
a A 
| A 
a tY 
; D, 
mo 
: \FOR 
: \ INCREASED 
; \ GATE DRIVE 
a L) 
iY 4 
a \ 
4 A 
& \ 
‘ (4) 
a 
LY 
: ‘ To 
THYRISTOR 
GATE 
All resistance values are in Q eee ae ey een: 
NOTE: Circuitry within shaded areas TRIGGER 


not included in CA3079 
A IC = Internal connection - DO NOT USE (Terminal restriction applies only to CA3079) 


FIGURE 1. SCHEMATIC DIAGRAM OF CA3059 AND CA3079 


Specifications CA3059, CA3079 


Absolute Maximum Ratings T, = +25°C 


DC Supply Voltage (Between Terminals 2 & 7) Power Dissipations 
GAS059 Meer er eaenee ct oon oer eer eneas eee Cee dads 14V Up to Ty = +55°C CA3059, CA3079 ....... ee eee eee 700mW 
GASO7 9 iis eed ieee see Vee tae we ee eee dea ueens 10V Above T, = +55°C CA3059, CA3079 ..... Derate Linearly 6.67mW/C 
DC Supply Voltage (Between Terminals 2 & 8) Ambient Temperature 
C8095 So evict a oeiew sda ed nausea eneed eegeaee 14V Operating 44.406 Sagas sere 84k Genoa ees -55°C to +125°C 
CASO Disc i cua aur dan diese tikes dear ln eae os 10V St0lade?s: 615 .5.86vecn ph adcesaeaeceweteds -65°C to +150°C 
Peak Supply Current (Terminals 5 & 7) ...........eeceeeee +50mA Lead Temperature (During Soldering) 
Output Pulse Current (Terminal 4) ............ ee eee 150mA At distance '/,,." + '/go” (1.59 + 0.79) from case 
{16F 10 SECONDS Max ian el whereas heen Seatwss +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, For all Types, Unless Otherwise Specified. All voltages are measured with respect to 
Terminal 7. For Operating at 120Vays, 50-60Hz (AC Line Voltage) (Note 1) 


LIMITS — 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


DC SUPPLY VOLTAGE (Figure 2a, 2b, 2c) 


Inhibit Mode At 50/60Hz Vs 
At 400Hz 
At 50/60Hz 


Pulse Mode At 50/60Hz Vs 
At 50/60Hz | 


GATE TRIGGER CURRENT (Figures 3, 4(a)) lor(4) 


Rg = 8kQ, |, = 0 
Rg = 10kQ, |, = 0 
Rg =5k0,1,=0 — 
Rg = 8kQ, |, = 0 
Rg = 10kQ, |, =0 
Rg = 5kQ, |, = 0 


Terminals 3 and 2 connected, 
Vert =1V 


3 


PEAK OUTPUT CURRENT (PULSED) (Figures 4, 5) 


With Internal Power Supply 
Figure 4a, 4b 


lom(4) Terminal 3 open, Gate Trigger 


Voltage (Ver) = 0 


Terminals 3 and 2 connected, Gate 
Trigger Voltage (Vg7) = 0 


— oo orm me?) 


With External Power Supply 
Figure 5a, 5b, 5c 


x 
s) 


lom(4) Terminal 3 open, V+ = 12V, Ver =0 


Terminals 3 and 2 connected, 
V+= 12V, Vor =0 


INHIBIT INPUT RATIO (Figure 6) Vo/Vo Voltage Ratio of Terminals 9 to 2 0.465 | 0.48 
TOTAL GATE PULSE DURATION (Note 2) (Figure 7a, 7b, 7c, 7d) 


For Positive dv/dt 
ee 
For Negative dv/dt 
lena renner 


PULSE DURATION AFTER ZERO CROSSING (50-60Hz) (Figure 7a) 
For Positive dv/dt 

For Negative dv/dt 
OUTPUT LEAKAGE CURRENT (Figure 8) . 


jienibtMode tf 00 | | | 


INPUT BIAS CURRENT (Figure 9) 


>| > > > 


on 


EE 


Cext = 0, Rexp = 


—_ 


2) Q 
1415 
it 1 
=) ro) 
~ ~ 
—) -) 
th 
—) nN 
—_ —_ 
= > 
Oo =) 


Cext = 0, Rext = 


Cext = 0, Rext = 


le 


AC TO DC 
CONVERTERS 


Specifications CA3059, CA3079 


Electrical Specifications T, = +25°C, For all Types, Unless Otherwise Specified. All voltages are measured with respect to 
Terminal 7. For Operating at 120V pis, 50-60Hz (AC Line Voltage) (Note 1) (Continued) 


| LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


SENSITIVITY (Note 3) (Figures 4(a), 11) 


[SRST Roe Noes 
[pusewogo |g [Tommie 


NOTES: 


1. The values given in the Electrical Characteristics Chart at 120V also apply for operation at input voltages of 208/230V, and 277V, except 
~ for Pulse Duration. However, the series resistor (Rg) must have the indicated value, shown in the chart in the Functional Block Diagram, 
for the specified input voltage. _ 


2. Pulse Duration in 50Hz applications is approximately 15% longer than shown in Figure 7(b). 
3. Required voltage change at Terminal 13 to either turn OFF the triac when ON or turn ON the triac when OFF. 


Maximum Voltage Ratings Ty, = +25°C 


MAXIMUM 
CURRENT 
MAXIMUM VOLTAGE RATINGS Ty = +25°C RATINGS 


14 
o* 0 0 | 150 
a 14 na oF 14 | -14 


ra 
D3 | 


This chart gives the range of voltages which can be applied to the terminals listed horizontally with respect to the terminals listed vertically. 
For example, the voltage range of horizontal Terminal 6 to vertical Terminal 4 is 2 to -10 volts. 


NOTES: 
1. Resistance should be inserted between Terminal 5 and external supply or line voltage for limiting current into Terminal 5 to less than 50mA. 
2. Resistance should be inserted between Terminal 14 and external supply for limiting current into Terminal 14 to less than 2mA. 
3. For the CA3079 indicated terminal is internally connected and, therefore, should not be used. 


“ Voltages are not normally applied between these terminals; however, voltages appearing between these terminals are safe, if the specified 
voltage limits between all other terminals are not exceeded. 


** For CA3079 (OV to -10V). 
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CA3059, CA3079 


PULSE 4.6K 120VAMS, 50/60Hz OPERATION 
INPUT RESISTANCE (Rg) = 10kQ 
NO EXTERNAL LOAD 
0.3K = 
= 
> 
INHIBIT > 
4.6K a 
a 
=) 
” 
(5) a 
CA3059 V ai 
CA3079 S z 
jem 
= 
= 
EXTERNAL 
LOAD 
All resistance CURRENT 
values are in AMBIENT TEMPERATURE (°C) 
FIGURE 2(a). DC SUPPLY VOLTAGE TEST CIRCUIT FOR FIGURE 2(b). DC SUPPLY VOLTAGE vs. AMBIENT TEMPERA- 
CA3059 AND CA3079 TURE FOR CA3059 AND CA3079 
< 
= Rs = 5kQ E120 
> (INHIBIT =: 
> = 110 
a S 400 
S = TERMINALS 2 & 3 
D a 90 CONNECTED 
8 oO 80 
= S 
= (INHIBIT c 70 
c MODE) we gg 
- <q ” 
z G 50 O TT 
40 Of 
oc 
re Ww 
o 1 2 3 4 5 6 7 8 0 1 2 : Os 
EXTERNAL LOAD CURRENT, I, (mA) GATE TRIGGER, Vert (V) < oO 
O 
FIGURE 2(c). DC SUPPLY VOLTAGE vs. EXTERNAL LOAD FIGURE 3. GATE TRIGGER CURRENT vs. GATE TRIGGER 
CURRENT FOR CA3059 AND CA3079 VOLTAGE FOR CA3059 AND CA3079 


120VRMS, 50/60HZ OPERATION 


AC LINE GATE TRIGGER, Vez = 0 (V) 


OSCILLOSCOPE 
WITH 


HIGH GAIN 175 


150 TERMINALS 2 & 3 
CONNECTED 
125 


100 


75 


PEAK OUTPUT, PULSED [loma)] (mA) 


50 


AMBIENT TEMPERATURE (°C) 


FIGURE 4(a). PEAK OUTPUT (PULSED) AND GATE TRIGGER FIGURE 4(b). PEAK OUTPUT CURRENT (PULSED) vs. AMBI- 
CURRENT WITH INTERNAL POWER SUPPLY ENT TEMPERATURE FOR CA3059 AND CA3079 
TEST CIRCUIT FOR CA3059 AND CA3079 


CA3059, CA3079 


120VRMS 
60Hz 


OSCILLOSCOPE 
WITH 
HIGH GAIN 
INPUT 


All resistance values are in Q 


PEAK OUTPUT, PULSED | Ioy4y | (mA) 


FIGURE 


120VRMS, 50/60Hz OPERATION 
GATE TRIGGER, VGT = 0 (V) 


TERMINALS 2 & 3 
CONNECTED 


TERMINAL 3 OPEN 


EXTERNAL POWER SUPPLY, V+ (V) 


FIGURE 5(a). PEAK OUTPUT CURRENT (PULSED) WITH EXTER- FIGURE 5(b). PEAK OUTPUT CURRENT (PULSED vs. EXTER- 


NAL POWER SUPPLY TEST CIRCUIT FOR CA3059 


EXTERNAL 
SUPPLY 


200 


150 


100 


PEAK OUTPUT, PULSED Ion4), mA) 


50 


120VRMS, 50/60Hz OPERATION 
GATE TRIGGER VOLTS (Vg@q) = 0 


mum TERMINALS 2 & 3 CONNECTED 
vsaa¢es TERMINAL 3 OPEN 


20 «410 40 70 =©100 6130 


AMBIENT TEMPERATURE (°C) 


FIGURE 5(c). PEAK OUTPUT CURRENT (PULSED) vs. AMBI- 
ENT TEMPERATURE FOR CA3059 


FIGU 


INPUT INHIBIT VOLTAGE RATIO, Vo/V> 


NAL POWER SUPPLY VOLTAGE FOR CA3059 


120VRMS 
60Hz 


All resistance 
values in Q 


RE 6(a). INPUT INHIBIT VOLTAGE RATIO TEST CIRCUIT 
FOR CA3059 AND CA3079 


0.60 
0.55 
0.50 
0.45 
0.40 


0.35 


0.30 
75 


100 125 


AMBIENT TEMPERATURE (°C) 


FIGURE 6(b). INPUT INHIBIT VOLTAGE RATIO vs. AMBIENT 
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TEMPERATURE FOR CA3059 AND CA3079 


CA3059, CA3079 


AC LINE 
- dv/dt 


NOTE: Circuitry within shaded area not included in CA3079. 
All resistance values are in Q 
FIGURE 7(a). GATE PULSE DURATION TEST CIRCUIT WITH AS- 
SOCIATED WAVEFORM FOR CA3059 AND CA3079 


PULSE DURATION AFTER 
ZERO CROSSING, ty (j:s) 


OQ 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 
EXTERNAL CAPACITANCE, Ciex7y (F) 


FIGURE 7(c). PULSE DURATION AFTER ZERO CROSSING vs. EX- 
TERNAL CAPACITANCE FOR CA3059 AND CA3079 


100 


VRMS, 50/60Hz OPERATION ee er Sec 
120VRMS, 50/60Hz OP fo) 
INPUT RESISTANCE (Ry = 100k —-—|-_ #1 — 
< NO EXTERNAL LOAD | [Fy | 
= 4 = ae 
ul a) Ee ee yy Gl ee 
a oy {a 
s 7A 
: Anm 
a i ee 
a a ( 
E heey Rae res 
3 He ek a le 
a Kass vee msn le (DRS (RE a 
ora oe ee Se a ee ee 
80 -60 -40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (°C) 


FIGURE 8. OUTPUT LEAKAGE CURRENT (INHIBIT MODE) vs. 
AMBIENT TEMPERATURE FOR CA3059 AND CA3079 
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TOTAL GATE PULSE DURATION, t (ps) 


0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 


EXTERNAL CAPACITANCE, ICexn)! (uF) 


FIGURE 7(b). TOTAL GATE PULSE DURATION vs. EXTERNAL 


CAPACITANCE FOR CA3059 AND CA3079 


AC TO DC 


TOTAL GATE PULSE DURATION, t (us) 
CONVERTERS 


EXTERNAL RESISTANCE, IRiext)! (kQ) 


FIGURE 7(d). TOTAL GATE PULSE DURATION vs. EXTERNAL 


RESISTANCE FOR CA3059 


V+ = 6V 


CA3059 


+3V © 


FIGURE 9. INPUT BIAS CURRENT TEST CIRCUIT FOR CA3059 
AND CA3079 


TOTAL GATE PULSE DURATION, t (1s) 


TIME FROM ZERO CROSSING 
TO END OF PULSE, ¢; (11s) 


CA3059, CA3079 


220VRMS, 50/60Hz OPERATION 
INPUT RESISTANCE (Rog) = 10kQ 


60Hz, tp 
50Hz, tp __ (+ dv/dt) 


(- dv/dt) 
0 0.02 0.04 0.06 0.08 0.1 
EXTERNAL CAPACITANCE (y:F) 
(a) 


600 
220VRMS, 50/60Hz OPERATION 


INPUT RESISTANCE (Rg) = 10kQ SOHz, tn 


(- dv/dt) 


0.06 
EXTERNAL CAPACITANCE (\F) 


(c) 


TOTAL GATE PULSE DURATION, t (1s) 


TIME FROM ZERO CROSSING 


a 220VRMS, 50/60Hz OPERATION 


INPUT RESISTANCE (Rs) = 20kQ = 5OHz, tp 
1 (+ dv/dt) 

60Hz, tp 

(+ dv/dt) 


400 


a 
cl 
ae 


0.04 0.06 0.08 0.1 


EXTERNAL CAPACITANCE (1F) 


(b) 


220VRMS, 50/60Hz OPERATION 
INPUT RESISTANCE (Rg) = 20kQ 


600 
3 — 
ui — 
a 400 —_| 
> (- dv/dt) 

a. 

Li 

ro) 

Oo 200 

uu 

© 


0 0.02 0.04 0.06 0.08 0.1 
EXTERNAL CAPACITANCE (pF) 


(d) 


FIGURE 10. RELATIVE PULSE WIDTH AND LOCATION OF ZERO CROSSING FOR 220 VOLT OPERATION FOR CA3059 AND CA3079 


ASENSOR RESISTANCE, ARon - Rog (2) 


SENSOR RESISTANCE = 5kQ es 


30 y, 18 
SSSR EE Ae: 
a ~ re 

> 

20 F TERMINALS 7 & 12 CONNECTED 2 64 
DC GATE CURRENT MODE ra 
(CA3058 & CA3059) > 

5 

10 6 wy 


TERMINAL 12 OPEN 
PULSED GATE CURRENT MODE 
(ALL TYPES) 


75 50 -25 O 25 50 75 
AMBIENT TEMPERATURE (°C) 


100 125 


FIGURE 11. SENSITIVITY vs. AMBIENT TEMPERATURE FOR 


CA3059 AND CA3079 


TERMINAL 14, V44 (V) 


7 a a 


WWW 


THYRISTOR TURN-OFF 


_ AREA OF UNCERTAIN 
OPERATION 


AREA OF NORMAL 


OPERATION 


AREA OF UNCERTAIN 
OPERATION :, 


THYRISTOR TURN-OFF 


50 -25 0 25 50 75 
AMBIENT TEMPERATURE (°C) 


FIGURE 12. OPERATING REGIONS FOR BUILT-IN PROTEC- 


TION CIRCUIT FOR CA3059 


CA3059, CA3079 


120VAC 
60Hz 


ton = 0.67 R,C, 


R, (max. value allowable) = 1mQ ty = 0.67 RC, 
FIGURE 13. LINE-OPERATED ONE-SHOT TIMER FIGURE 14. LINE-OPERATED THYRISTOR CONTROL TIME 
DELAY TURN-ON CIRCUIT 
120VAC 
60Hz 
ty= RrCy Ve 
R,R 
FIGURE 15. ON/OFF TEMPERATURE CONTROL CIRCUIT WITH DELAYED TURN-ON = wv 
= 
ae) 
oO 
— SWITCHED ~ 
wy A9) LOAD ¢ 
v (5) 11) 49 MT» 
120VAC 5KQ T2300B 
CA3059 1KQ ’] 
ae 2W RECTIFIER a) (ya) MAX LOAD = 2.5A 
= AND TRIAC G MT, 
CONTROL ai 
10KQ R2 
68KQ 
R1 
si 
PULSE GENERATOR 2) 
4 CA3097E THYRISTOR/ gees 
NOTE: COS/MOS CD4040A OD TRANSISTOR ARRAY ea 
bee . Ge 12-STAGE COUNTER 
erminal 1 goes “High” 
(Logic “1") after 2048 J 7) Ole (8) @ C1 
pulses are applied to (3) Rs a 
Terminal 10. 1KQ . = 
For 8 hour delay: = 10KQ = 
R, = 12MQ 
C, = 2uF = 


CA3059, CA3079 


“NIGHT” ——> 


Peet 
SENSOR ILLUMINATION : 
: ’ 
’ 4 ’ 
COUNTER RESET Q 
(TERMINAL 11 OF CD4040) 


it~ 0.9., 8 HRS >! 
“CLOCK” PULSES 1 PULSE/SEC —> 
-ee- ‘ 


(TERMINAL 9 OF CA3097E) 2 ) oe 


‘ 
i] 
. COUNTER OUTPUT ' 
‘ 
(TERMINAL 1 OF CD4040) 22 ! 22 | | 22 
' ‘ 


TERMINAL 6 OF CA3059 AND | 
TERMINAL 5 OF CA3097E , 2 
TERMINAL 4 OF CA3059 
AND POWER IN LOAD > 2 


FIGURE 16(b). TIMING DIAGRAM FOR FIGURE 16(a) 


{a 6s D AY” 


60Hz 


T2302B 
MAX LOAD = 2.5A 


CA3059 __ TRIAC 
CONTROL 
RECTIFIER 
ULSE 


G TRIAC 


MONOSTABLE 


+Vpp (= +6.5V) 


~ ASTABLE 
SW 


16 | 
+V = +6.5V 
COS/MOS CD4020A pp ( ) 
14-STAGE BINARY 
COUNTER 


8 
27 28 29 910 911 912 913 o14 


Vpp Kd Ka 


CD4048A 
EXPANDABLE 
8 INPUT GATE 


w) 
OUTPUT 


PROGRAMMING 
INTERCONNECTIONS 


r>DUd Omn = 


Vss Kb Ke 


FIGURE 17(a). PROGRAMMABLE ULTRA-ACCURATE LINE-OPERATED TIMER. 
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CA3059, CA3079 


TIME PERIODS (t = 0.5333 s) : 


SC 


CD4020A TERMINALS 


CD4048A TERMINALS 


C NC NC NC NC NC NC NC 


NOTES: 
1. to = Total time delay =n, t+not+... not. 
2. C = Connect. For example, interconnect terminal a of the CD4020A and terminal A of the CD4048A. 
3. NC = No Connection. For example, terminal b of the CD4020A open and terminal B of the CD4048A connected to +Vpp bus. 


AC 
UPPLY 
VOLTAGE Va 
| 
| | 
CA3059 
OUTPUT 
(PINS 4 AND 6) {| 
|| 
CD4048A vy) { 
OUTPUT 


AC IN LOAD 4 


(Ri) 


AC TO DC 
CONVERTERS 


FIGURE 17(b). “PROGRAMMING” TABLE FOR FIGURE 17(a). 


CA3059, CA3079 


Operating Considerations 
Power Supply Considerations for CA3059 and CA3079 


The CA3059 and CA3079 are intended for operation as seif- 
powered circuits with the power supplied from and AC line 
through a dropping resistor. The internal supply is designed 
to allow for some current to be drawn by the auxiliary power 
circuits. Typical power supply characteristics are given in 
Figures 2(b) and 2(c). 


Power Supply Considerations for CA3059 


The output current available from the internal supply may not 
be adequate for higher power applications. In such applica- 
tions an external power supply with a higher voltage should 
be used with a resulting increase in the output level. (See 
Figure 4 for the peak output current characteristics.) When 
an external power supply is used, Terminal 5 should be con- 
nected to Terminal 7 and the synchronizing voltage applied 
to Terminal 12 as illustrated in Figure 5(a). 


Operation of Built-In Protection for the CA3059 


A special feature of the CA3059 is the inclusion of a protec- 
tion circuit which, when connected, removes power from the 
load if the sensor either shorts or opens. The protection cir- 
cuit is activated by connecting Terminal 14 to Terminal 13 as 
shown in the Functional Block Diagram. To assure proper 
operation of the protection circuit the following conditions 
should be observed: 


1. Use the internal supply and limit the external load current 
to 2mA with a 5kQ dropping resistor. 


Oo— 


4-10. 
1o102 -0,254) 
59 


Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid gradations are in mils 
(10°3 inch). 


(1.499-1.702) 


2. Set the value of Rp and sensor resistance (Rx) between 
2kQ and 100k. 


3. The ratio of Ry to Rp typically, should be greater than 0.33 
and less than 3. If either of these ratios is not met with an 
unmodified sensor over the entire anticipated tempera- 
ture range, then either a series or shunt resistor must be 
added to avoid undesired activation of the circuit. 


If operation of the protection circuit is desired under condi- 
tions other than those specified above, then apply the data 
given in Figure 12. 


External Inhibit Function for the CA3059 


A priority inhibit command may be applied to Terminal 1. The 
presence of at least +1.2V at 101A will remove drive from 
the thyristor. This required level is compatible with DTL or 
T?L logic. A logical 1 activates the inhibit function. 


DC Gate Current Mode for the CA3059 


Connecting Terminals 7 and 12 disables the zero-crossing 
detector and permits the flow of gate current on demand 
from the differential sensing amplifier. This mode of opera- 
tion is useful when comparator operation is desired or when 
inductive loads are switched. Care must be exercised to 
avoid overloading the internal power supply when operating 
in this mode. A sensitive gate thyristor should be used with a 
resistor placed between Terminal 4 and the gate in order to 
limit the gate current. 


The photographs and dimensions represent a chip when it is par of 
the wafer. When the wafer is cut into chips, the cleavage angles are 
57° instead of 90° with respect to the face of the chip. Therefore, the 
isolated chip is actually 7 mils (0.17mm) larger in both dimensions. 


DIMENSIONS AND PAD LAYOUT FOR CA3059H AND CA3079H 
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FULL BRIDGE SELECTION GUIDE 
FULL BRIDGE DATA SHEETS 
CA3275 Dual-H Driver 


HIP4010 Power H-Switch (ADVANCE INFORMATION) 
HIP4011 Three-Phase Brushless DC Motor Controller (PRELIMINARY) 
HIP4080 High Frequency H-Bridge Driver (ADVANCE INFORMATION) 


Cr ey 
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FULL BRIDGE 


Full Bridge Selection Guide 


PEAK OUTPUT 
| CURRENT NO LOAD MAXIMUM 
PART NUMBER DESCRIPTION EACH DRIVE SUPPLY VOLTAGE SUPPLY CURRENT 
CA3275 Dual H-Drive +150mA BV to 16V 


HIP4010 Power H-Switch +4V to 15V 15mA 
or 
+2V to +7.5V 


0.5A 
HIP4011 3 Phase Motor Controller 10.4V to 13.2V 


tat FIARRIS 


SEMICONDUCTOR 


CA3275 


May 1992 Dual-H Driver 
Features Description 
¢ Dual-H Drivers on One IC The CA3275 Dual-H Driver is intended for general-purpose 


applications requiring Dual-H drive or switching, including 
direction and pulse-width modulation for position control. 
e Logic Controlled Switching While all features of the IC may not be utilized or required, 
they would normally be used in instrumentation systems with 
quadrature coils, such as air-core gauges, where the coils 
PWM Ioyz Control would be driven at frequencies ranging from 200Hz to 
400Hz. The coils are wrapped at 90° angles for independent 
direction control. Coils wound in this physical configuration 


e +150mA Maximum Current 


Direction Control 


¢ 18V Over-Voitage Protection 


¢ 300mA Short-Circuit Protection are controlled by pulse width modulation, where each coil 
drive is a function of the sine or cosine versus degrees of 
¢ Nominal 10V to 16V Operation movement. The direction control is used to change the direc- 


Internal Voltage Regulation With Bandgap Reference __ tion of the current in the H-Driver coil. 
The switch rate capability of the IC is typically 30kHz regard- 


Applications less of the inductive load. Over-current limiting is used to 
limit short circuit current. Over-voltage protection (in the 
¢ Dual H-Switch For Air Core Gauge instrumentation range of 18V to 40V) causes the device to shut down the 
¢ uP Controlled Sensor Data Displays output current drive. Thermal shutdown limits power dissipa- 
tion on the chip. The CA3275 is supplied in a 14 lead dual-in- 
¢ Speedometer Displays line plastic package. 


¢ Tachometer Displays : ; 
Ordering Information 


PART TEMPERATURE | PACKAGE 


¢ Stepper Motors 


e Slave Position Indicators 


TT) 
CA3275E -40°C to +85°C 14 Lead Plastic DIP = 
oc 
m 
: : ~J 
Pinout Block Diagram = 
14 LEAD DUAL-IN-LINE PLASTIC = 
PACKAGE (E SUFFIX) 
TOP VIEW 
COIL A- COIL A+ 
Voc [2 13] GND 
Vec [3] 12] PWMA SENSOR & MICROPROCESSOR CA3275 
CONVERTER ray PHASE, DIRECTION DUAL-H 
PWMB [4 11] DIR A AID, V/F, ETC & PWM CONTROL DRIVER 


DIR B / 5) 10] GND 
Vcc {6 19} GND 


COIL B+ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 2159.1 
Copyright © Harris Corporation 1992 6-3 


Specifications CA3275 


Absolute Information (T, = +25°C) Unless Otherwise Specified 


Operating Vor 226 Lwssew She ohh ow eekeseeehiwe cesses 16V. Ambient Temperature Range 
Transient Voc, 30 Seconds Maximum ...........ee eee eee 24V Operating fe s-cksd boas eGhw ide cele wows ees -40°C to +85°C 
Peak Voc, 0.4 Seconds Maximum .......... 0. cece eee eee 40V StOragde 5 deo cte eos pees eae ieatwanis -55°C to +150°C 
Maximum Continuous Output Current,................06. +100mA _ Lead Temperature (During Soldering).................. +265°C 
Each Drive At distance 1/16 + 1/32" (1.59 + 0.79mm) from case for 10s max 
Maximum PWM Output Switching Current,............... +150mA 
Each Drive 
Power Dissipation, Pp 
UptO+-70°C itz fees cence eee. beaeeews 750mW 
Above +70°C......... cece ee eee Derate Linearly at 11.14mW/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = +25°C, Vcc = 16V Unless Otherwise Specified 
LIMITS 


INPUT LEVELS 


Switching Specifications 


PARAMETERS 


SOURCE CURRENT (See Figure 3) 


1. No load, PWMA = PWMB = 5V, DIR A = DIR B = OV 
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CA3275 


Vcc 
SHORT SHORT | 
CIRCUIT CIRCUIT 
PROTECTION PROTECTION 


> i ai Q3 & 
POWER POWER 


DIRA 


Ot ae 
> 
PWMA ae > Pa a oe 


SHORT 


SHORT 
CIRCUIT CIRCUIT 
PROTECTION 


PROTECTION | 


INTERNAL VOLTAGE 
SUPPLY WITH 
BANDGAP REFERENCE 

OVERVOLTAGE PROTECTION 

7 AND THERMAL SHUTDOWN 

CIRCUITS 


SHORT SHORT 
CIRCUIT CIRCUIT 
PROTECTION 


PROTECTION 


SHORT SHORT 
CIRCUIT CIRCUIT 
PROTECTION PROTECTION 


FULL BRIDGE 


FIGURE 1. CA3275 DUAL-H DRIVER SCHEMATIC 


Voc 


COIL A- COIL A+ 


Vcc 


Q 

w 
~t} Jo} for} La} foo} fro} fo 
ERPERE| 


PWMB MOTOR 
R @ 
DIRB 
Voc ie 
oe: Pel 2s 
LB RB 
DIRA 
PWMA — 


FIGURE 2. QUADRATURE STEP-MOTOR APPLICATION SCHEMATIC 


CA3275 


Vs 


DIR . C_j COIL 
. 150}C, | C_INCLUDES PROBE AND TEST CAPACITANCE 
PWM L> “ 30pF 


DIR PULSE 


TEST CIRCUIT 1 


| | COIL OUTPUT 
TEST CONDITIONS: PWM = OV, Vs = 16V 


DIR PULSE PARAMETERS: 
F = 1kHz, W = 100us, TR = TF = 1:8, AMPL = 4V 


10% 


COIL OUTPUT 


TEST CONDITIONS: PWM = OV, Vs = 16V 
DIR PULSE PARAMETERS: 
F = 1kHz, W = 100us, TR = TF = 1:8, AMPL = 4V 


pwM [> C, C,INCLUDES PROBE AND TEST FIXTURE CAPACITANCE 
- | 30pF 


TEST CIRCUIT 2 


PWM PULSE 


PWM PULSE PARAMETERS: 
F = 1kHz, W = 100us, TR = TF = 11:8, AMPL = 4V 


Tsk-ofF  Tsk-F 


COIL + OR - OUTPUT 


FIGURE 4. SINK SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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Soe Pat HIP4010 


ADVANCE INFORMATION 


May 1992 Power H-Switch 

Features Description 

e¢ Two Independent 1/2 H-Switch Drivers In the Functional Block Diagram of the HIP4010 the four 

switches and a load are arranged in an H-configuration so 

* Single Supply ...-++.+0ssseereeeeesees TaN IGEN that the polarity of the dc supply voltage (from terminals 

e Dual Supplies............... 0... eee eee +2V to+7.5V Vppa and Vsgsa) applied to the load can be selected by 

; switching; thereby directing the flow of load current in either 

e Switching Capabilities a br S wiiseteuelecw © Gp ele eie tee Ge ere: % 0.5A direction. This is commonly known as 4-quadrant load con- 

¢ CMOS Input (TTL Compatible) trol. As drawn in the Functional Block Diagram, switches P1 

; and N2 are “closed;” when current flows from Vppa through 

¢ Complementary (CMOS) Switching Circuit P1, through the load, and then through N2 to terminal Vgga; 

¢ Over-Temperature Protection where load terminal OUT1 is at a positive potential with 

; respect to OUT2. Switches P1 and N2 are operated syn- 

¢ Current-Overload Protection chronously by the control logic. The control logic switches P2 

© “Dynamic Braking” Circuit and N1 to an “open” state when P1 and N2 are “ON”. When 

Y 3 the switch states are reversed, P1 and N2 are open and N1 

© RdSon ------ eee eee eee 0.5Q per Switching MOSFET and P2 are closed. Consequently, current then flows from 

Vppa through P2, through the load, and through N1 to termi- 

Applications: nal Vssa, where load terminal OUT2 is then at a positive 


potential with respect to OUT1. 


euMoteneento The HIP4010 POWER H-Switch is designed in a high speed 


e Relay Driver BiMOS-E technology, using both CMOS and bipolar transis- 

tors. The BiIMOS-E process adds a drain extension implant 

to 3 poly-gate CMOS transistors, enhancing the device 

e Stepper Motors voltage capabilities. Vertical bipolar transistors, having high 
gain-bandwidth and transconductance, are standard in the 
BiMOS-E technology. 


Ordering Information The HIP4010 POWER H-Switch is available in a 16 Lead 


e Solenoid Driver 


Dual-In-Line Plastic Package with heat spreading frame con- es a 

TEMPERATURE PACKAGE & struction to enhance thermal dissipation. Under normal con- oF 

PART NUMBER RANGE LEAD FORM ditions, the HIP4010 can dissipate 1.5W (typ.) in free air at 5 Q. 
0. . . (0) ° 

+60°C and can dissipate 1.5W (typ.) at +105°C with a PC- a) 

Board as a heat-sink. i 

— & 

a s O Lu 

Pinout Functional Truth Table Ww 3 

16 LEAD DUAL-IN-LINE PLASTIC PACKAGE HIP4010 H-SWITCH = 


Joe eNN SWITCH DRIVER 1 SWITCH DRIVER 2 


Vss 
PI 

N1 
VDD 
Vppat 
EN1 
OUT1 


Vssal 


L = Low logic level; H = High logic level 

Z = High Impedance (off state) 

OH = Output High (sourcing current to the output terminal) 

NOTE: Terminals 4, 5, 12 and 13 are interconnected : Output Low (sinking current from the output terminal) 
= Don't care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 31 76 
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Specifications HIP4010 


Absolute Maximum Ratings 


DC Supply Voltage (Between Vppal and Vggal Terminals)... . 16V 
DC Supply Voltage (Between Vppa2 and Vssa2 Terminals). ... 16V 


DC Supply Voltage (Between Vpp and Vsg Terminals) ....... 16V 
DG Input Voltage 02.440 5.60 0505 ae ieee eae ad ginnaewwus 16V 
Input Terminal Current .......... 00. c cece eee eee ees 1mA 
Recommended DC Operating Voltage Range 

(Vop to Vss; Vopal to Vssal : Vopa2 to Vssa2) .... t4V to +15V 
Operating Temperature Range................ -55°C to +125°C 
Junction Temperature, Ty... 0.0... cece eee cece eee +150°C 
Lead Temperature (During Soldering) ................. +265°C 


Power Dissipation (Pp) 


Up to +60°C (Free Air)... ccc ccc ee cee eee +. 1.5W 
Above +60°C .......... cece eee Derate linearly at 16.6mW/°C 
Up to +90°C, with Heat Sink (PC Board)................ 1.5W 
Above +90°C .......... cece eee Derate linearly at 25mW/C 


Maximum Thermal Resistance (Free Air*) Junction-to-Air .... +60°C/W 
* In free air, the junction-to-air thermal resistance (Rgj,) is typically 
+50°C/W. This coefficient can be lowered to 40°C/W by suitable 

design of the PC board to which the HIP4010 package is soldered. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Typical Values Intended Only for Design Guidance = T, = +25°C, Vppal, Vopa2, and Vpp = +12V; Vssal, Vsga2, and 


Saturation Voltage Isinx = 0.5A 


Response Time Rise 
Response Time Fall 


Vg = OV, Unless Otherwise Specified 


PARAMETERS 
Vppal, Vopa2: and Vop = +12V: E 


Input Voltage Range 

Idle Supply Current; Ioyy = 0 

Output Voltage High; (Vsat) lsource = 0-5A 
Output Voltage Low; (Vsat) Isink = 0.5A 

Response Time Rising Edge 

Response Time Falling Edge 
Output Source Current 


Output Sink Current 


Vopal, Vopa2: and Vpp = +5V: 

Input Current 

Input Voltage Range 

Idle Supply Current; loyy =O 

Output Voltage High; Ilsource = 0.5A 
Output Voltage Low; (Vsar) Isinx = 0.5A 
Response Time Rising Edge 

Response Time Falling Edge 


Output Source Current 


Output Sink Current 


Input Current Cit 


| 
PPLY 


Vou 

VoL 

tor 

a 
Vou 


aN 
oO 
TC 
: 


_ 
oO 
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HIP4010 


Application 


The Functional Block Diagram shows an application block 
diagram of a motor-driver circuit using HIP4010 as a “Full” 
H-Switch. The “left” and “right” H-Switch’s are driven from 
the control input terminals to the output switching transistors 
of the HIP4010. The circuit is intended to safely start, stop, 
and provide control of rotational direction for a motor requir- 
ing no more than 0.5 A of supply current. The stop function 
includes a “dynamic braking” feature. 


With the “ENABLE” terminal LOW, MOSFET Switches P1 and 
P2 are “off;” i.e., supply current is cut off. With the “BRAKE” 
terminal LOW and “ENABLE” transitioned HIGH, either P1, N2 
or P2, N1 can be driven into conduction; the CMOS-pair 
chosen for conduction is determined by the logic level applied 


to the “DIRECTION” terminal; resulting in either clockwise (CW) 
or counterclockwise (CCW) shaft rotation. When the “BRAKE” 
terminal is transitioned HIGH (while holding ENABLE at HIGH), 
the gates of both N1 and N2 are driven HIGH. Thus, if current 
was flowing through N1 (from the motor terminal OUT1) at the 
moment of “dynamic braking,” it would continue to flow through 
N1 to the Vssai/Vssa2 extemal ground tie, then continue 
through diode D4 to motor terminal OUT2; the resistance of the 
motor winding (and the series-connected path) dissipates the 
kinetic energy stored in the system. Reversing rotation, current 
flowing through N2 (from the motor terminal OUT2), at the 
moment of “dynamic braking”, would continue to flow through 
N2 to the Vssa2Vsgal tie, then continue through diode D2 to 
the motor terminal OUT1, to dissipate the stored kinetic energy 
as previously described. 


Functional Block Diagram 


BRAKE CONTROL 
cx 
ON W wy 
OFF. co 
x > 
oF 
ao 
DIRECTION tind 
xd 


CONTROL 
LOGICA 


ENABLE | ENT Cp ere 


Bewewrereewewrewoeeweenvnan wenn eevena 


(DIGITAL 
GROUND) + 


Terminal Assignment Information 


NOTES: 


Positive terminal-pin for power-supply; Vppa1 is internally connected to Vopa2 and Vpp. 


Positive terminal-pin for power-supply; Vpp,2 is internally connected to Vopal and Vop. 
Positive terminal-pin for power-supply suited to digital circuits; Vpp is internally connected to Voppal and Vppap2. 


Negative terminal-pin for power-supply; used in conjunction with Switch Driver 1. 
Negative terminal-pin for power-supply; used in conjunction with Switch Driver 2. 


Negative terminal-pin for power-supply suited for digital circuits. 
P1, P2B Input pins used to control the direction of output current flow in Switch Driver 1 and Switch Driver 2, respectively. 


N1, N2 Input pins used to activate the Dynamic Braking of Switch Driver 1 and Switch Driver 2, respectively. 
EN1, EN2 Input pins used to enable Switch Driver 1 and Switch Driver 2, respectively. 
OUT1, OUT2 Output pins for Switch Driver 1 and Switch Driver 2, respectively. 


Output pin (flag); high logic level signify that Switch Driver1, Switch Driver2, or both are in “Current Limit” state 


+V 

‘ 
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ILF 
(0.5A FAULT FLAG) 


1. Terminals P1, P2, N1, N2, P2B, EN1 and EN2 are internally connected to protection circuits intended to guard the CMOS gate-oxides 
against damage due to electrostatic discharge. However, these devices are sensitive to electrostatic discharge. Proper I.C. handling pro- 


cedures should be followed. 


2. For maintenance of performance and reliability, Harris Semiconductor strongly recommends that the “IC Handling Procedures”, located 
in Section 1 of the current Analog Products Data Book, be followed closely by any activity involved with IC products. 


FULL BRIDGE 


rAnnS | HIP4011 


PRELIMINARY _ | 
May 1992 _ Three-Phase Brushless DC Motor Controller 


Features | Description 
e 3A DC, 5A Peak Output Current The HIP4011 motor driver is intended for three phase 


brushless motor control at continuous output currents up to 
| 3A. It accepts inputs from buffered Hall effect sensors and 
e Built-in “Free-Wheeling” Diodes drives three motor windings, regulating the current through 
an external current sensing resistor, according to an analo 

¢ Output dv/dt Limited to Reduce EMI — control input. Output “freewheeling” diodes a built in ie 
e External Dynamic Brake Control Switch With output dv/dt is limited to decrease the generated EMI. 

Undervoltage Sense Thermal and current limiting are used to protect the device 
from locked rotor conditions. A brake control input forces all 
outputs to ground simultaneously to provide dynamic 
braking, and an internal voltage sensor does the same when 


¢ Provides Analog Current Sense & Reference Inputs the supply drops below a predetermined switch point. Power 
down braking energy is stored in an external capacitor. 


e 16V Max. Rated Supply Voltage 


e Thermal & Current Limiting Protects Against Locked 
Rotor Conditions 


¢ Decode Logic with Illegal Code Rejection 


Applications Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HIP40111S -40°C to +85°C 15 Lead Power SIP 


¢ Drive Spindle Motor Controller 
¢ 3 Brushless DC Motor Controller 


¢ Brushless DC Motor Driver for 12V Battery Powered 
Appliances 


e Phased Driver for 12V DC Applications 


e Logic Controlled Driver for Solenoids, Relays & 
Lamps 


Pinout OUTPUT TRUTH TABLE 
SENSOR 
INPUTS OUTPUTS 


PR a a DL 
Oe Ce el a a a a 
Ee 


15 LEAD POWER SIP 
TOP VIEW 


SGND = SIGNAL GROUND 
SPD = SPEED CONTROL 
SV+ = SIGNAL V+ 

ISEN =ISENSE 

OUTA =OUTPUTA 

BCAP = BRAKING CAPACITOR 
PV+ = POWER V+ 

OUTB =OUTPUTB 

ISEN =ISENSE 

FBRK = FORCED BRAKE 
OUTC = OUTPUT C 

PV+ = POWER V+ 

SENC = SENSE INPUT C 
SENB = SENSE INPUT B 
SENA = SENSE INPUT A 


PGND PIN 
(TAB) MUST BE 
ELECTRICALLY 

CONNECTED 


* Undervoltage and Force Brake logic truth table 
entries are identical. 


“X” = Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2939 1 
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Specifications HIP4011 


Absolute Maximum Ratings Dissipation/Temperature Ratings 
Supply Voltage, SV+ or PV+....... 0. cee eee ee eee -1Vto+16V = Power Dissipation (Note 3)....... 0.0... cece cere wees 25W 
Referred to SGND or PGND (Note 1) Junction Temperature Range, Operating ............... +150°C 
Output Current, ContinuouS........... 0.0 e cece cece e eens 3A Storage Temperature Range...............685 -55°C to +150°C 
Output Current, Peak (Note 2)... 6... cee eee eee 5A 
Substrate (PGND) Current... 0.0.2... cece cee eee eee 1A 
Logic Input Current. ......... 0... cece e eee eee -20mA to +20mA 
(Clamped to SV+ and SGND) 
NOTES: 


1. PV+ and SV+ are to be tied together, as are PGND and SGND. 
2. Operating above the continuous current rating causes a decrease in operating life. 
3. Derate power dissipation above case temperature of +75°C at 0.33 Watts/°C. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC TEST CONDITION | MIN | TYP) | MAX | UNITS 


SUPPLY (SV+) CURRENT 


a 
ES 
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FULL BRIDGE 


HIP4011 


Electrical Specifications Ty, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified (Continued) 


| LIMITS 
CHARACTERISTIC TEST CONDITION | MIN) | TYP | MAX | UNITS 


INTERNAL BRAKE DRIVER 


[REMALRAEDRVER 
DnacomeeTipPamPye _feenewesy TTT 
Ea CY, 
fonsatraion «ansaid ] iY 


BRAKE CAPACITOR (BCAP) 
Discharge Leakage SV+ = PV+ = 3V to 12V, BCAP = 10V ee 
NOTES: 


1. The system bandwidth is fixed by an internal RC network around the amplifier. 

. Internal limiting of turn on and turn off drive is used to limit output dv/dt. 

. The braking action starts at the given trip point with a falling supply voltage. 

. Hysteresis causes the brake to be removed at a higher trip point with a rising supply voltage. 

. This value includes the combined voltage drops of one upper plus one lower switch at the indicated current. 


an & © NM 


Functional Block Diagram 


SIGNAL 
GNp |SGND 


SIGNAL ip conistn nt arG ase ee re seere caesar a ses eae meaner eeeeroeaevraenereanaananean ~ BCAP 
Ve 13 VBS (BRAKE 110 BRAKE 
4 
& (SENSE REF) T. CAP. 
‘ 1mA xX> ‘ —— 
wo V+ 14 PV+ 
© POWER V+ 
SENA ! ere 
1 re ; ‘OUTA MOTOR A 
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HALL te | 
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di MOTOR $B 
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op LOGIC 
\ WITH 
se tdigt | "SS 3 
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HALL REJECTION 
SENSOR —L. | | ic 
B™ \ ae ’ 
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EX Ic: og q 5 MOTOR $C 
IMA Kyt ‘  ISEN 
3 XY | i 
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Be I 7 CURRENT 
CURRENT LIMITING SENSE 
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SENSOR —L. ! ia ae 
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Force BRK SCORE THERMAL | Lc, 
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THREE-PHASE BRUSHLESS CONTROLLER 
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FARRIS 


SEMICONDUCTOR 


HIP4080 


High Frequency H-Bridge Driver 


ADVANCE INFORMATION 


May 1992 


Features 


e High Voltage Capability; Bootstrap Supply Max 
Voltage to 95VDC 


BUS VOlNAQe iss doxscawdekcwdenetsiwess: 80V (Max) 


¢ Small Surface Mount Package 


Drives 1000pF Load at 450KHz in Free Air at 50°C with 
Rise and Fall Times of Typically 10ns 


e User-Programmable Dead Time 


Drives 4 N-Channel Devices in H-Bridge Configuration 
¢ On-chip Charge-Pumps Maintain Bootstrap Supplies 
e HEN Pin can PWM Upper Switches Only 


¢ HEN (High Enable) and DIS (Disable) Pins Override 
Input Control 


Proprietary Circuitry Minimizes On-Chip Switching 
Losses 


Input Logic Thresholds Compatible with 5 and 15 volt 
Logic Levels 


¢ On-Chip Control Circuit Initializes Bootstrap Capaci- 
tors upon Chip Enable 

Applications 

¢ MediunvV/Large Voice Coil Motors 

¢ H-Bridge Power Supplies 

¢ Digital Power Amplifiers for Hi-Fi systems 

¢ High Speed Stepper Motor controls 


Pinout 


Description 


The HIP4080 is a high frequency, medium voltage H-Bridge 
N-Channel MOSFET driver IC, packaged in a 20 or 24 pin 
plastic SOIC. Due to its ability to switch at frequencies 
greater than 500KHz,the HIP4080 is particularly well suited 
for driving Voice Coil Motors for medium and large computer 
disk drives, switching amplifiers in high-efficiency switching 
audio amplifiers and H-Bridge power supplies depending on 
load and cooling techniques. 


Short propagation delays of approximately 70ns and dead 
times of typically 40ns coupled with “minimum on times” of 
about 100ns allow a nearly distortionless, ripple-free current 
waveform and maximum control loop crossover frequencies 
providing rapid, fine control of the driven load. 


HIP4080 can also drive any small, medium voltage brush 
motor, and two HIP4080s can be used to drive high perfor- 
mance stepper motors, since the short minimum “on-time” 
can provide fine micro-stepping capability. 


Ordering Information 


PARTNUMBER | TEMPERATURE | PACKAGE | 
HIP40801P -40°C to +85°C. | 20 Pin Plastic DIP 
HIP40801B -40°C to +85°C ‘| 20 Pin Plastic SOIC 


20 PIN PLASTIC DIP 
20 PIN SOIC 
TOP VIEW 


BHB [1] 
HEN | 2| 
Dis | 3] 
Vss [4] 
OUT | 5] 
IN+ | 6) 
IN- 
HDEL | 8, 
LDEL [9| 
AHB 


FULL BRIDGE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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FileNumber 3178 


HIP4080 


Functional Block Diagram 


70] AHB BHB [7] 


CHARGE LEVEL SHIFT Bd a LEVEL SHIFT CHARGE 
PUMP AND LATCH panei 11] AHO BHO [20] Keven AND LATCH PUMP 
Vv AL i 
a 2] AHS BHS fi9; 7 
HEN [2 | > . ,_| TURN-ON . TURN-ON 1_, : 

| ) DELAY 7: | Ct 
os BHD aD, | 


Typical Application 


75V 
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i 
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Specifications HIP4080 


Absolute Maximum Ratings 


Supply Voltage, Vop and Voc... 2... eee eee een eee -0.3V to 16V = Input Current, HDEL and LDEL................... -5mA to OmA 
Input, Output or I/O Voltage ................. -0.3V to Vppt0.3V = Phase Slow Rate... . cee cece cee eee ee en eee 20V/ns 
Voltage on AHS, BHS..............46. -2.0V (Transient) to80V Storage Temperature Range................6. -65°C to +150°C 
Voltage on ALS, BLS ....... -2.0V (Transient) to +2.0V (Transient) Lead Temperature (Soldering 10s).............0000eee +300°C 
Voltage on AHB, BHB........... Vans, BHS-0.3V to Vans, pHst16V Maximum Package Power Dissipation at +25°C (Note 1) 

Voltage on ALO, BLO............... Vacs, BLs-0.3V to Vec+0.3V BOIG PaCkKage vac 55 odours dwar eu We eet anaes 750mW 
Voltage on AHO, BHO ......... VAHS, BHs-0.3V to VaHB, BHBt0.3V 

NOTE: 


1. Derate power dissipation above ambient temperature of 25°C by 7MW/C. Pgs, = 0.144 + 0.20% frown +2 Voc Cr (few + foin) where 
fpwa = pwm frequency and fp), = direction change frequency (in Hertz) C, = load capacitance (in Farads) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage, Vpp and Voc... oe cece eee ee eee +10V to+15V Voltage on AHB, BHB.......... VaHS, Bust 10V to VaHS, pHst15V 
Voltage ON ALS, BLS ....... ccc ccc cee eee wees -1.0V +1.0V =‘ Input Current, HDEL and LDEL................ -500pA to -50nA 
Vollage on AHS; BH Swi seacctnes staal esareiwe ss -1Vto75V Operating Temperature Range.................. 0°C to +125°C 


Electrical Specifications | 
Specifications apply over recommended operating conditions, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


QUIESCENT SUPPLY CURRENTS (specified with static inputs that fully switch outputs) 


Ss 


ese 
: a 
ae owen we wor? | | 
(we [we= 

prSGmen te fer 
= 

2 

aa 

[oe 


INPUT COMPARATOR 


Vou IN+>IN-, lon = -GO0pHA 


Low Level Input Threshold 
Voltage 


High Level Input Threshold VTH 
Voltage — | 
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Specifications HIP4080 


Switching Specifications 


CHARACTERISTIC : SYMBOL TEST CONDITIONS 


Minimum Input Pulse Width Teen IHDEL=-100pA 


ILDEL = -50 pA . 
Mimimum Output Pulse Width Tpwout IHDEL = -100 pA 
ILDEL = -50 pA 
HEN Prop. Delay TPHEN IHDEL = -100 pA 
ILDEL = -50 pA 


Upper Prop. Delay (Turn-Off) Tpy IHDEL = -100 pA 
ILDEL = -50 pA 


Lower Prop. Delay (Turn-to¢r) Tet IHDEL = -100 pA 
| ILDEL = -50 pA 
DiSable Prop. Delay Tppis IHDEL = -100 pA 
ILDEL = -50 pA 
Dead Time IHDEL = -100 pA 
ILDEL = -50 pA 
Lower off toUpper on, 
C, = 1000 pF 


TpTLH 


Dead Time 


IHDEL = -100 pA 
ILDEL = -50 pA 
Upper off toLower on, 
CL = 1000 pF 


Rise Time 


Fall Time 


4 
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Selection Guide 


POWER SUPPLY CIRCUITS 


OUTPUT 
VOLTAGE 
DEVICE DESCRIPTION RANGE 
CA723 Linear Voltage Regulators 9.5V to 40V 2V to 37V 
CA723C 
CA1523 Variable Internal Pulse Regulator for | 11V to 15V 5.9V to 7.5V* 
Switch Mode Power Supplies 


MAXIMUM 
OUTPUT 
CURRENT 


SWITCHING | QUIESCENT 
FREQUENCY | CURRENT 


se sons 


TEMP. RANGE 


-55°C to +125°C 


mA 0°C to +70°C 


= 200kHz 34mA 0°C to +70°C 


<nil<coflaa 
Zolz ofZ uw 
nsiu stu 3 
a > => o> 
—_aypeRl<ak 


Pulse Width Modulators 8V to 40V 4.8V to 5.2V* 100mA Max Rating for | 1kKHz to 300kHz 10mA -55°C to +125°C 
4.8V to 5.2V" | £ach Output Driver 0°C to 470°C 
4.6V to 5.4V" 0°C to +70°C 

Linear Voltage Regulators 7.5V to 30V 1.8V to 26V 12mA to 100mA -55°C to +125°C 

Regulator, Overvoltage Shutdown, (Shutdown) | 5V+0.25V Output 2- 80mA 

Thermal Shutdown, Current Limited Output 2 - Switched 

HIP5063 Basic Single Chip, Low Side Switch 12V to 60V_ | Determined by Power DMOS Transis- | External Clock 14mA 0°C to +85°C 

Current Controlled PWM External Circuitry } tor 

HIP5500 Half Bridge Power Supply Regulator | 10V to 15V -VBS to 500V-—s |. 2.3A peak, 200mA cont. | 30kHz to 300kHz 7mA -40°C to +150°C 
ICL7660SM_ | Super Voltage Converter (Charge 
* Reference Voltages - Output Voltage Limited by External Device 


7.5V to 40V 1.7V to 36V 12mA to 100mA 
400nA -40°C to +85°C 
5V +0.25V 
ICL7644** 1.15V to 4.0V 4.5V to 5.5V 150mA 18kHz 80pnA 
1.15V to 5.6V 4.5V to 5.5V 40pA 
1.15V to 4.0V 4.5V to 5.5V 80pA 
2.0V to 3.6V 2.7V to 3.3V 80pLA 
IcL76eosi__| PUMP Type) 
** The ICL76XX Series have an Additional Shutdown Feature; In Shutdown Mode Quiescent Current < 5yA 


-40°C to +85°C 
0°C to +70°C 


Low Voltage Boost Type Step-Up 
Converters 


Smart Microprocessor Dual-Fixed 5V | 6.2V to 18V | Output 1-FullTime | Output 1 - 50mA 
HIP5062 Single Chip, Dual Low Side Switch 16V to 42V_ | Determined by Two Power DMOS 1MHz Latched 25mA 0°C to +85°C 
Current Controlled PWM External Circuitry | Transistors 60V - 5A External Loop 
ICL7646 
ICL7662M Voltage Converter (Charge Pump .4,5V to 20V -4.5V to -20V 10kHz 250A -55°C to +125°C 
icL76620 | '¥PE) 200pA 0°C to +70°C 


7.5Vto50V | 1.7V to 46V 12mA to 100mA Fn 
| HIP5060 Single Chip, Low Side Switch, 16V to 45V_ | Determined by Power DMOS Transis- | 1MHz Internal, 20mA 0°C to +85°C 
Current Controlled PWM External Circuitry [tor 60V-10A External Input 
ICL 7646 | 40nA | 
(CL 7647 | 80HA 
3Vt012V | -12V to 22.8V 45mA 10kHz to 35khZ -55°C to +125°C 
180pA -25°C to +85°C 
ICL7663SA_ | Linear Voltage Regulators 1.0V to 16V 1.3V to 16V 40mA - Vout2 10pnA -25°C to +85°C 
ICL7663S Ron ~ 100 Vours 12pA 0°C to +70°C 


VOLTAGE MONITORING CIRCUITS 


VOLTAGE QUIESCENT OUTPUT INPUT TRIP TEMPERATURE 
DESCRIPTION RANGE CURRENT CURRENT VOLTAGE RANGE 


ICL7665SAI CMOS Micropower Over/ 1.8V to 16V 2 1.342% -25°C to +85°C 

ICL7665SAG Under Voltage Detector 0°C to 470°C 

ICL7665S! 1.342% -125°C to +85°C 
3 


ICL7665SC 1.348% 0°C to +70°C 


10yA mA 

Automatic Battery Back-up Switch 2.5V to 15V 5yA 38mA 50mV* 
aa SS eee 
Programmable Voltage 1.8V to 30V 350A 1.15+3.5% 


ee oe 
* Primary to Back-up Source Voltage Differential 
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CA723 
CA723C 


Voltage Regulators Adjustable from 2V to 37V at Output 
Currents Up to 150mA Without External Pass Transistors 


Ga HARRIS 


SEMICONDUCTOR 


May 1992 


Features 


e Up to 150mA Output Current 

¢ Positive and Negative Voltage Regulation 

e Regulation in Excess of 10A with Suitable Pass 
Transistors 
Input and Output Short-Circuit Protection 
Load and Line Regulation................... 0.03% 
Direct Replacement for 723 and 723C Industry Types 
Adjustable Output Voltage 2V to 37V 


Applications 


e Series and Shunt Voltage Regulator 
¢ Floating Regulator 

¢ Switching Voltage Regulator 

e High-Current Voltage Regulator 

e¢ Temperature Controller 


Ordering Information 


[PART | TEMPERATURE | PACKAGE 
-55°C to +125°C | 10 Lead Can 


Pinouts 


14 PIN PLASTIC DIP (E SUFFIX) 
TOP VIEW 


TEMPERATURE- 
COMPENSATED 
ZENER 


y a 
EF. 


10 PIN CAN (T SUFFIX) 
TOP VIEW 


CURRENT LIMIT 


V-, (CASE INTERNALLY 
CONNECTED TO TERM 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Description 


The CA723 and CA723C are silicon monolithic integrated cir- 
cuits designed for service as voltage regulators at output volt- 
ages ranging from 2V to 37V at currents up to 150 milliamperes. 


Each type includes a temperature-compensated reference 
amplifier, an error amplifier, a power series pass transistor, and 
a current-limiting circuit. They also provide independently acces- 
sible inputs for adjustable current limiting and remote shutdown 
and, in addition, feature low standby current drain, low tempera- 
ture drift, and high ripple rejection. 


The CA723 and CA723C may be used with positive and nega- 
tive power supplies in a wide variety of series, shunt, switching, 
and floating regulator applications. They can provide regulation 
at load currents greater than 150mA and in excess of 10A with 
the use of suitable n-p-n or p-n-p external pass transistors. 


The CA723 and CA723C are supplied in the 10 lead TO-5 style 
package (T suffix), and the 14 lead dual-in-line plastic package 
(E suffix), and are direct replacements for industry types 723, 
723C, mMA723, and mA723C in packages with similar terminal 
arrangements. They are also available in chip form (“H” suffix). 


All types are rated for operation over the full military-tempera- 


ture range of -55°C to +125°C. 


Functional Block Diagram 


V+ FREQUENCY 
e airy al COMPENSATION 


INVERTING 
INPUT 


OVc 


SERIES PASS 
TRANSISTOR 


+ Vo REGULATED 
OUTPUT 


O Vz 


CURRENT © oO CURRENT 
LIMIT SENSE 


CURRENT 
LIMITER 


File Number 788.2 


a 
er 
CA 
On 
>) 
Io 
ef 
Wu = 
Lo 
oO 


Specifications CA723, CA723C 


Absolute Maximum Ratings Operating Conditions 
DG Supply Voltage tsk ccna ein ce tliy cawealeen eae s 40V Ambient Temperature Range 
(Between V+ and V- Terminals) Operating Temperature Range .............. -55°C to +125°C 
Pulse Voltage for 50ms Storage Temperature Range................ -65°C to +150°C 
Pulse Width (Between V+ and V- Terminals) ............. 50V__ Lead Temperature, During Soldering .................. +265°C 
Differential Input-Output Voltage. .......... 0.0... eee eee 40V At a distance 1/16” + 1/32” (1.59mm + 0.79mm) from case for 10s 
Differential Input Voltage max 
Between Inverting and Noninverting Inputs................ +5V 
Between Noninverting Input and V- ................0000- 8V 
Current From Zener Diode Terminal (Vz)...........+.506- 25mA 
Device Dissipation 
CA723T, CA723CT, Up to Ty = +25°C .... 2. ee eee 800mW 
CA723E, CA723CE, Up to Ty = +25°C.. 1.2... eee 1000mW 
CA723T, CA723CT, Above Ty = +25°C............. 6.3mW/C 
CA723E, CA723CE, Above Ty = +25°C............. 8.3mW/C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC oe Specifications T, = +25°C, V+ = Vg = V, = 12V, V- = 0, Vo = BV, I = 1mA, C, = 100pF, Crg¢ = 0, Recp = 0, Unless Other- 
wise Specified. Divider impedance R,Rp + R, + Ro at noninverting input, Terminal 5 = 10kQ (Figure 20) 


CA723 CA723C 
PARAMETERS TEST CONDITION 


DC CHARACTERISTICS 


Quiescent Regulator Current, Ig iL =0, V;=30V 
Input Voltage Range, V, 


UNITS" 


| 


wo 
NJ 


ro) 


7.15 


Reference Voltage, Vaer 


Line Regulation (Note 1) 


% 
% 


2 ee IE: 
i 
al 
rao 
ez ae 
oe 
Eee 
Tf 
ae 
tea 


—_ 


0.01 


V; = 12V to 15V, 
Ta = -55°C to +125°C 


V, = 12V to 15V, 
0°C to +70°C 


I. = 1mA to 50mA 


ec 
ie 
ae 
Lae al 
pee 
aa 
ae 
= 
IL = 1mA to 50mA, 
Seco 
eee 
ake 
bie 


% 


Load Regulation (Note 1) % 


% 


7 
Wola 


r=) N 
or 


IL = 1mA to 50mA, 
Ta = 0°C to +70°C 


Ta = -55°C to +125°C 
; Ta = = 0°C to +70°C 
f = 50Hz to 10kHz 


f = 50Hz to 10kHz, 
Cree = SUF 


Short Circuit Limiting Current, Ii Rscp = 109, Vo = 0 


Equivalent Noise RMS Output Voltage, | BW = 100Hz to 10kHz, 
Vn (Note 2) Crer =0 


BW = 100Hz to 10KHz, 
Crer = SHF 


% 


Output-Voltage Temperature Coeffi- 0.015 


cient, AVo 


%l°C 


0.003 |; 0.015 | %/°C 


Ripple Rejection (Note 2) 


NOTES: 


1. Line and load regulation specifications are given for condition of a constant chip temperature. For high dissipation condition, temperature 
drifts must be separately taken into account. 


2. For Cre (See Figure 20) 
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Typical Performance Curves (CA723) 


V+ Vo 


UNREGULATED | 
INPUT 
oe oP 
Dt aie. 
ae i 
Q11 Q12 


6-2V Kot mae 
R 
30kQ 5 


FIGURE 1. EQUIVALENT SCHEMATIC DIAGRAM OF THE CA723 AND CA723C 


aQi3 
FREQUENCY 
COMPENSATION 
RW > CURRENT 
ea LIMIT 


CURRENT 
SENSE 


Q15 
R12 
15kQ > Vo 
D4 
> Vz 


VREF NON-INVERTING V- INVERTING 
INPUT INPUT 


OUTPUT VOLTAGE (Vo) = 5V 

INPUT VOLTAGE (V,) = 12V 

SHORT CIRCUIT PROTECTION 
RESISTANCE (Rgcp) = 0 


MAX JUNCTION TEMP (T,) = 150°C 
THERMAL RESISTANCE = 150°C/W 
QUIESCENT DISSIPATION (PQ) = 60mW 


= 
ui 
o 


E oO 
| | | (NO HEAT SINK) > 
= 
= ILI : 
a (o) 
& 100 AMBIENT TEMPERATURE (Ta) = +25°C E 
a 
TN 
a 
io 
é Wi IN ET tT te] 3 
50 - 
Nt oie | 
= > —_ 
a < 
0 ee ee O 5 
0 10 20 30 40 0 20 40 60 #80 °& 100 On 
DIFFERENTIAL INPUT - OUTPUT VOLTAGE (Vj - Vo) - V OUTPUT CURRENT (IO) - mA E > 
FIGURE 2. MAX LOAD CURRENT vs. DIFFERENTIAL INPUT- FIGURE 3. LOAD REGULATION WITHOUT CURRENT LIMIT- = a 
OUTPUT VOLTAGE ING 2 o 
Lu 
=e 
oO. 


OUTPUT VOLTAGE (Vo) = 5V 

INPUT VOLTAGE (V)) = 12V 

SHORT CIRCUIT PROTECTION 
RESISTANCE (Rgcp) = 102 


OUTPUT VOLTAGE Vo) = 5V 

INPUT VOLTAGE (V)) = 12V 

SHORT CIRCUIT PROTECTION 
RESISTANCE (Rgcp) = 0 


= 2 : 
* xe 
6 5 
E E 
5 5 
2 i) 
o TC} 
c a 
a a 
< < 
a S 
0 20 40 +60 80 100 
OUTPUT CURRENT (I¢)- mA OUTPUT CURRENT (Ip) - mA 
FIGURE 4. LOAD REGULATION WITH CURRENT LIMITING FIGURE 5. LOAD REGULATION WITH CURRENT LIMITING 


CA723, CA723C 


Typical Performance Curves (CA723) (continued) 


1.2 
30 
1.0 eq 
> a oe sa 
$ os _| | 23839 
1 | | Bake 
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fe mee 
> nH 
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= an i 
ares fz 
ae 
é ee 
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eo 
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OUTPUT CURRENT (Io) - mA 
FIGURE 6. CURRENT LIMITING CHARACTERISTICS 


MAX. JUNCTION TEMP. (Tj) = 150°C 
THERMAL RESISTANCE = 150°C/W 
) = 60mW 

O HEAT SINK 


QUIESCENT DISSIPATION (P 
TO-5 STYLE PACKAGE WITH 


AS AMBIENT TEMPERATURE (Ta) = +25°C 
a 


MAXIMUM LOAD CURRENT (I) - mA 


0 10 20 = 1 
DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V; - Vo) - V 


FIGURE 8. MAX LOAD CURRENT vs. DIFFERENTIAL INPUT- 


OUTPUT VOLTAGE 


OUTPUT VOLTAGE Wo} 5 5V 

INPUT VOLTAGE (V,) = 12V 

SHORT CIRCUIT PROTECTION . 
RESISTANCE (Rgcp) = 


LOAD REGULATION - % Vo 


OUTPUT CURRENT (Ip) - mA 


FIGURE 10. LOAD REGULATION WITHOUT CURRENT LIMIT- 


ING 
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QUIESCENT CURRENT (Ig) - mA 
o 


< 150 QUIESCENT DISSIPATION (Pq) = 60mW 
DUAL - IN - LINE PLASTIC PACKAGE 

= WITHNO HEAT SINK 

i 

=z 

oc 

& 100 

2 \| AMBIENT TEMPERATURE (Tq) = +25°C 

2 | 

< 

Sl NING he 
awd 

= 

g TANT TT 


OUTPUT VOLTAGE (Vo) = REFERENCE 
VOLTAGE (Vper) 
_| LOAD CIRCUIT (,) =0 


> 


Ld 


ed 


INPUT VOLTAGE (Vj) - V 
FIGURE 7. QUIESCENT CURRENT vs. INPUT VOLTAGE 


MAX. JUNCTION TEMP. (Ty) = 125°C 
THERMAL RESISTANCE = 125°C/W 


PRES 
a er es ee 
10 20 30 40 


DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V,- Vo) -V 


FIGURE 9. MAX LOAD CURRENT vs. DIFFERENTIAL INPUT- 
OUTPUT VOLTAGE FOR CA723CE 


0 


OUTPUT VOLTAGE (Vo) = 5V 

INPUT VOLTAGE (V)) = 12V 

SHORT CIRCUIT PROTECTION 
RESISTANCE (Rgcp) = 102 


LOAD REGULATION - %Vo 


10 20 
OUTPUT CURRENT (Io) - mA 
FIGURE 11. LOAD REGULATION WITH CURRENT LIMITING 
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Typical Performance Curves (CA723) (continued) 
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OUTPUT VOLTAGE (Vo) - V 


FIGURE 12. CURRENT LIMITING CHARACTERISTICS 


OUTPUT VOLTAGE (Vo) = REFERENCE 
VOLTAGE (Vper) 
LOAD CURRENT (iL) = 0 


faeces 
70°C 


QUIESCENT CURRENT (Io) - mA 


INPUT VOLTAGE (V,) - V 
FIGURE 13. QUIESCENT CURRENT vs. INPUT VOLTAGE 


Typical Performance Curves (CA723 and CA723C) 


INPUT VOLTAGE (V,) = 12V 
OUTPUT VOLTAGE (Vo) = 5V 
LOAD CURRENT (I,) =1 TO 50 mA 
AMBIENT TEMPERATURE (T,)=+25°C.| | | | 
SHORT CIRCUIT PROTECTION ~ 
RESISTANCE (Rgcp) = 0 


LOAD REGULATION - % Vo 


DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V; - Vo) - V 


FIGURE 14. LOAD REGULATION vs. DIFFERENTIAL INPUT- 
OUTPUT VOLTAGE 


INPUT VOLTAGE (V,) = 12V, OUTPUT VOLTAGE (V,) = 5V 


LOAD CURRENT (I,) = 40mA 
AMBIENT TEMPERATURE (T,) = 25°C 
45 | SHORT CIRCUIT PROTECTION RESISTANCE (Rycp) 70 iz 


AT TT [rows cunnenry [| 
S SR eee 
St 5 i we 


OUTPUT VOLTAGE (Vo) 


uo 


OUTPUT VOLTAGE DEVIATION -mA 
=) 
LOAD DEVIATION - mA 


TIME (t) - ps 
FIGURE 16. LINE TRANSIENT RESPONSE 


7-7 


OUTPUT VOLTAGE (Vo) = 5V 
LOAD CURRENT (I,) = 1 mA | 

AMBIENT TEMPERATURE (Ta) = +25°C 
DIFFERENTIAL INPUT VOLTAGE (AVT) = 3V 
SHORT CIRCUIT PROTECTION RESISTANCE 


=0 
0.2 (Rscp) 


LINE REGULATION - % Vo 
° 
os 
me 
i 


“5 5 16 25 35 45 
DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V; - Vo) - V 
FIGURE 15. LINE REGULATION vs. DIFFERENTIAL INPUT- 
OUTPUT VOLTAGE 


CURRENT LIMITING 
eN SENSE VOLTAGE 


0.5 


0.4 WITH Rscp =10Q 


CURRENT LIMITING SENSE VOLTAGE - V 
SHORT CIRCUIT LIMITING CURRENT - mA 


JUNCTION TEMPERATURE (Ty) - °C 


FIGURE 17. CURRENT LIMITING CHARACTERISTIC vs. JUNC- 
TION TEMPERATURE 
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CA723, CA723C 


Typical Performance Curves (CA723 and CA723C) (continued) 


pe es I fy 
Rea eReRe eee e, 
| [iweurvotracewd | {1 {| 
pt tt 
et | tt a 

La 
me 
Ee 


o 


> 


Aa27n ce a 
PN 


IT OUTPUT VOLTAGE (Vo) 


a= 
Pl eee Maer 


INPUT VOLTAGE (V,) = 12V 

OUTPUT VOLTAGE (V,) = 5V 

LOAD CURRENT (1) = 1mA 

AMBIENT TEMPERATURE (T,) = +25°C 

SHORT CIRCUIT PROTECTION RESISTANCE (R,,p) = 0 


5 5 15 2 35 45 
TIME (t) - ps 


OUTPUT VOLTAGE DEVIATION - mA 
°o iN) 


FIGURE 18. LOAD TRANSIENT RESPONSE 


Typical Application Circuits 


V+ Veo 


Vi 


|| scp 


CURRENT 


CURRENT 
SENSE F3 


Circuit Performance Data: 

Regulated Output Voltage 5V 

Line Regulation (AV\= 3V) 0.5mV 
Load Regulation (Al, = 50mA) 1.5mV 


Note: R3 = Be. For Minimum Temperature Drift 


FIGURE 20. LOW VOLTAGE REGULATOR CIRCUIT 
(Vo = 2V TO 7V) 


REGULATED 
OUTPUT 


INPUT VOLTAGE DEVIATION - V 


8| INPUT VOLTAGE (Vj) = 12V 
6| OUTPUT VOLTAGE (Vo) = 5V 
4] LOAD CURRENT (1) = 50mA 
AMBIENT TEMPERATURE (Ta) = +25°C_ 
SHORT CIRCUIT PROTECTION 
RESISTANCE (Rgcp) = 


: an oe 0 


OUTPUT IMPEDANCE (ZO) - W 
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FREQUENCY (f) - Hz 


FIGURE 19. OUTPUT IMPEDANCE vs. FREQUENCY 


VREF 


Rscp 


R -_ REGULATED 
3 OUTPUT 15V 
CURRENT 


Ry 


100pF INPUT Ro 


COMP 


Circuit Performance Data: 
Line Regulation (AV, = 3V) 1.5mV 
Load Regulation (Al, = 50mA) 4.5mV 
Note: R3 = Al Be. For Mini i 
>R38= AY 4 RR? imum Temperature Drift 
R3 May Be Eliminated For Minimum Component Count 


FIGURE 21. HIGH VOLTAGE REGULATOR CIRCUIT 
(Vo = 7V TO 37V) 
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Typical Application Circuits (continued) 


REGULATED 
OUTPUT-15v 


Circuit Performance Data: 

Line Regulation (Av, = 3V) 1mV 

Load Regulation (Al, = 100mA) 2mV 

Note: For Applications Employing the TO-5 Style Package 
and Where Vz Is Required, An External; 6.2V Zener Diode 
Should be Connected in Series with Vo (Terminal 6). 


FIGURE 22. NEGATIVE VOLTAGE REGULATOR CIRCUIT 


R1 
Rscp 
: REGULATED 
R2 OUTPUT 5V 


Circuit Performance Data: 
Line Regulation (Av;= 3V) 0.5mV 
Load Regulation (Al, = 1A) 5mV 


FIGURE 24. POSITIVE VOLTRAGE REGULATOR CIRCUIT 
(WITH EXTERNAL p-n-p PAS TRANSISTOR 
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CURRENT 
SENSE . 


REGULATED 
OUTPUT 15V 


Circuit Performance Data: 
Line Regulation (Av,= 3V) 1.5mV 
Load Regulation (Al, = 1A) 15mV 


FIGURE 23. POSITIVE VOLTAGE REGULATOR CIRCUIT (WITH 
EXTERNAL n-p-n PASS TRANSISTOR) 


REGULATED 
VREF 0 OUTPUT 5V 


Circuit Performance Data: 

Line Regulation (Av,= 3V) 0.5mV 
Load Regulation (Al, = 10mA) 1mV 
Short Circuit Current 20mA 


FIGURE 25. FOLDBACK CURRENT LIMITING CIRCUIT 
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CA723, CA723C 


Typical Application Circuits (continued) 


Vi 


TI 
2N6211 


REGULATED 
BOTPUTSOV OUTPUT-100V 
Circuit Performance Data: Circuit Performance Data: 
Line Regulation (Av,= 20V) 15mV Line Regulation (Av,= 20V) 30mV_ - 
Load Regulation (Al, = 50mA) 20mV Load Regulation (Al, =100mA) 20mV 


NOTE: For applications employing the TO-5 Style Package and 
where Vz is required, an external 6.2V zener diode should 
be connected in series with Vo (terminal 6) 


NOTE: For applications employing the TO-5 Style Package and 
where V7 is required, an external 6.2V zener diode should 
be connected in series with Vo (terminal 6) 


FIGURE 26. POSITIVE FLOATING REGULATOR CIRCUIT FIGURE 27. NEGATIVE FLOATING REGULATOR CIRCUIT 


REGULATED REGULATED 


eereur ey OUTPUT 5V 
al Rt 
INV. NON INV. 
Re comp INPUT Rs R2 ® COMP INPUT 
A C1 
Cc _T. 0.005yF 
Ti CCSL — — 
a O.001HF = 2N3053 LOGIC = > = 
= INPUT 
Circuit Performance Data: te: ; 
Line Regulation (AV,= 3V) 0.5mV oe Reels mer , 
Load Regulation (AIL = 50mA) 1.5mV ine Regulation (Av, = 10V) 0.5m 
Short Circuit Current 20mA Load Regulation (Al_ = 100mA) 1.5mV 
NOTE: 1. A current limiting transistor may be used for shutdown if NOTE: For applications employing the TO-5 Style Package and 
current limiting is not required. where V7 is required, an external 6.2V zener diode 
2. Add a diode if Vo > 10V. should be connected in series with Vo (terminal 6). 
FIGURE 28. REMOTE SHUTDOWN REGULATOR CIRCUIT WITH FIGURE 29. SHUNT REGULATOR CIRCUIT 
CURRENT LIMITING 


FARRIS 


SEMICONDUCTOR 


May 1992 


Features 

e Operates up to 200kHz 
e Pins ESD Protected 

¢ Remote ON/OFF 

¢ Slow Start with Reset 
¢ Overcurrent Sensing 


e¢ Lower Peak Currents than PWM Regulator: 
- Less Prone to Magnetic Saturation 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE PACKAGE 


CA1523E 0°C to +70°C 14 Lead Plastic DIP 


Pinout 


CA1523 


Voltage Regulator Control Circuit 
For Variable Switching Regulator 


Description 


The CA1523* monolithic silicon integrated circuit is a vari- 
able interval pulse regulator designed to provide the control 
circuitry for use in switching regulator circuits. It operates 
from 11 volts to 15 volts. 


The regulator provides a single output drive capable of 
300mA_ source/200mA_ sink. The maximum operating 
frequency is better than 200kHz. An attractive feature of the 
CA1523 is that the timing capacitor charge and discharge 
current is set up externally via a single resistor. The ratio of 
charge to discharge current is internally set at a maximum of 
2 to 1 allowing simultaneous change in output pulse width 
with increased frequency at higher load. The pulse width 
variation at higher frequencies effectively compensates for 
the losses in magnetics and thereby increases the power 
supply efficiency at higher load end by as much as 20 
percent. 


The CA1523 is supplied in a 14-lead dual-in-line plastic 
package (E suffix). 


“ Formerly RCA Developmental Type No. TA11977 


14 LEAD PLASTIC DIP 
TOP VIEW 


ERROR | 1| 
CURRENT SENSE | 2) 
GND [3| 

RISE TIME | 4) 
OUTPUT GND | 5| 
OUTPUT [6, 


Vcc 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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141 TIMING 

13] ZENER 

12| ON/OFF 

111] OVER CURRENT 
SLOW START 


19 | LOGIC OUTPUT 


1785.1 
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Specifications CA1523 


Absolute Maximum Ratings 


DG SUDPIY VONAG as ces ans eee eed de Sar we eee Sa Sens 15V Ambient Temperature Range: 

Supply Current: Operalingsscccsteresisaanueestaas esa dxaes 0°C to +70°C 
SIMA Rees Se ene ene hae ens ee eo neee senate oN ae +50mA StOrade Gis tnce tis teehee re cues tats -55°C to +150°C 
le(MAx): 1HS,18O0OpF Load ...............000e +300, -200 mA __ Lead Temperature (During Soldering): 

Device Dissipation: At distance '/,, + in. (1.59 + 0.79mm) from 
Upto Wee 005 Cie cee te ceain eda aie cya ietias 530mW GaSe (OF 10S MAX ic.c0 ea rincaaeteesuwrt an sce ete +265°C 
Above The 10°C 2 ccccavaseeees Derate Linearly at 6.7 mW/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, Refer to condition shown in test circuit; V7 = 13V, V, = 5.9V Unless Otherwise Specified 


PARAMETERS See! 


POWER SUPPLY, Veg (PIN 7) 


LIMITS 


TEST CONDITIONS TYP 


Supply Voltage 


ie) 


ele[<|<]e[e <[3]< 


Supply Current Veco = +13V 


Zener Voltage 13 7.8 V 


~] 

Nn 

iy) _ 

N 
jefe 

pes 


OUTPUT PULSE (PIN 6) | 


Maximum Pulse Width 


m= EET 
Frequency Range 
Adjust Ry = 5.9V; Set Vj_ = 5.5V, then 5V | 95 | 


4 
| Slow Start Discharge Current 14 Maintain V,4 = 5V, Vio = 5.5V 
Set V1 = 5.5V, Measure |,4 (Hi) 
Set Vio = 4V, Measure |, (Lo) 
Limits = lag (Hi) = lig (Lo) 
1.5 
LOGIC TESTS 


Discharge Voltage | 10 Pin 12 = 1kQ to GND 
Output Inhibit Voltage Increase V7 until Vg 2 2V 
Overcurrent Trip Voltage Vi2 = 5V; Vig = OV; Increase V,, until Vg < 0.5V 


Minimum Pulse Width 
Output High Voltage 
Output Low Voltage 


Rise Time 
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Other Desirable Features 


Other desirable features along with various circuit block » 


function explanations are listed below. 


e The Oscillator is a sawtooth generator whose charge 


(rise) cycle determines the output pulse width and dis-  °« 


charge which is continuously variable from very low to 
maximum of IcuarGeE: 


Charge Icuarce = !o -lpiscHAaRGE giving 2 to 1 pulse-width 
control 


Discharge IpiscHaRGE = approximately O to 1/2 Io to fre- 
quency control 


¢ Pulse Shaping: Applied to the oscillator output via RS 
Flip-Flop with parallel inhibit controlled by slow-start 
overcurrent sense, supply voltage monitor and ON/OFF 


functions. e 


¢ Pulse Rise Time: Modified to meet RFI requirements by 


external slow-down capacitor. ° 


Block Diagram 


CURRENT 
SENSE Vec 


@) @) 


(CONTROL 
CIRCUIT 
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Slow Start with Reset: Externally programmed against 
internal 3V reference. Reset is initiated upon Inhibit ensur- 
ing soft start at power up and restart. 


Over Current Sense: Internal stable thresholds of 1.2V. 


Supply Voltage Monitors: Locks out the drive until 
Vsuppiy has reached 8-9V. 


ON/OFF: Activates regulator independent of raw DC. 


Error Amplifier: Compares output against a stable 6.8V 
internal reference and controls the discharge current sink 
on the timing capacitor. 


Band-Gap: Reference voltage (internal) provides temper- 
ature compensated 1.2V and 6.8V references. 


Separate GND: The power GND is separated from circuit 
ground for improved noise. 


ESD Protection: Pins are protected against ESD. 
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SEMICONDUCTOR CA3524 


Regulating Pulse 


May 1992 Width Modulator 
Features Description 
¢ Complete PWM Power Control Circuitry The CA1524, CA2524, and CA3524 are silicon monolithic 


integrated circuits designed to provide all the control circuitry 
for use in a broad range of switching regulator circuits. 


: : The CA1524, CA2524, and CA3524 have all the features of 
Line and Load Regulation..............- 0.2% (Typ) the industry types SG1524, SG2524, and SG3524, 
Internal Reference Supply with 1% (Max) Oscillator respectively. A block diagram of the CA1524 series is shown 
and Reference Voltage Variation Over Full in Figure 1. The circuit includes a zener voltage reference, 
Temperature Range | transconductance error amplifier, precision R-C oscillator, 
pulse-width modulator, pulse-steering flip-flop, dual alternat- 
ing output switches, and current-limiting and shutdown 


e Separate Outputs for Single-Ended or Push-Pull 
Operation 


Standby Current of Less Than 10mA 


° Frequency of Operation Beyond 100kHz circuitry. This device can be used for switching regulators of 
; either polarity, transformer-coupled dc-dc converter, 
¢ Variable-Output Dead Time of 0.515 to 5s transformerless voltage doublers, dc-ac power inverters, 


converter, as well as other power-control applications. 


Applications : : 
Ordering Information 


j_wowoen |"™mence = | pacxace 
NUMBER RANGE 


e Positive and Negative Regulated Supplies 


e Dual-Output Regulators 


e Flyback Converters 


e DC-DC Transformer-Coupled Regulating Converters 
¢ Single-Ended DC-DC Converters 


e Variable Power Supplies 


Pinout 
16 LEAD DUAL-IN-LINE PACKAGE 
TOP VIEW 
INV. INPUT VREF 
NON- 
INV. INPUT V+ 
OSC OUT EMITTER B 
(+) C.L. 
SENSE COLLECTOR B 
(-) C.L. 
SENSE COLLECTOR A 
Rr EMITTER A 
Cr SHUTDOWN 
GND COMPENSATION 
AND COMPARATOR 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1 239 2 
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Functional Block Diagram 
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Specifications CA1524, CA2524, CA3524 


Absolute Maximum Ratings 


Input Voltage (Between V,, and GND Terminals)............ 40V___ Device Dissipation: 

Operating Voltage Range (Vij to GND) ................ 8 to 40V UBIO T= 25°C. nwerg wo hukeeey pores deg sates ds 1W 

Output Current Each Output: AbOVE. T= 25°C <6 Seite et wa twas aus Derate linearly 8mW/C 
(Terminal 11, 12 0F 13, 14) 2... ... cee eee ee eee 100mA Operating Temperature Range................ -55°C to +125°C 

Output Current (Reference Regulator).................6- 50mA Storage Temperature Range.................. -65°C to +150°C 

Oscillator Charging Current ......... 0... cece weet eee 5mA 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics 1, = -55°C to +125°C for CA1524, 0°C to +70°C for the CA2524 and CA3524; V+ = 20V and 
f = 20kHz, Unless Otherwise Stated. 


LIMITS 
CA1524, CA2524 


PARAMETER 
REFERENCE SECTION 


TEST CONDITIONS UNITS 


3 
«< 
v 
‘i 
a) 


3 


Ripple Rejection f = 120Hz, Ty = 25°C | db | 


Short Circuit Current Limit Vaer = 0, Ta = 25°C 


ae 


Temperature Stability Over Operating Temperature 


Range 
Ta = 25°C 


> 
(o>) 
no -) mn 
(j=) w io) 
wo}, 


= 
© 
eu 
© 


Long Term Stability 
OSCILLATOR SECTION 


Maximum Frequency 


mvV/khr 


Cy = 0.001p1F, Ry = 2KQ kHz 


Initial Accuracy Ry and C+ Constant 


V+ = 8 to 40V, Ts = 25°C 


ae 


Voltage Stability 


3s 


Temperature Stability Over Operating Temperature 


Range 

Terminal 3, Ty = 25°C 
Output Pulse Width (Pin 3) Cr = 0.01pF, T, = 25°C 
Pin 7 

Pin 7 

Pin 7 (5-2 VaeV/Rr 


ae 


Output Amplitude 


= S 
oS 
° oO 
ad 
ol 


ojol= 

= F BP 

Si-~jo 
= 
” 


= Me i= 3 


Ramp Voltage Low (Note 1) 
Ramp Voltage High (Note 1) 
Capacitor Charging Current Range 


oO 
=) 
oo 


Timing Resistance Range 


x 
+e) 


Pin 7 
Pin 3 


Charging Capacitor Range 


TN 


= _ 
(jo) 


oO 
© 
—_ 


Dead Time Expansion Capacitor on 
Pin 3 (when a small osc. cap is used) 


ERROR AMPLIFIER SECTION 


Small Signal Bandwidth Ay = 0dB, Ts = 25°C : 


Output Voltage Ta = 25°C 


nn 


—_ 


(oe) wo —_ 
c@ hb oflo 


NO 
fofa}-fal-[s 
ao go _ 
fo) p Oo 
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Electrical CharacteristicS T, =-55°C to +125°C for CA1524, 0°C to +70°C for the CA2524 and CA3524; V+ = 20V and 
f = 20kHz, Unless Otherwise Stated. (Continued) 


LIMITS 
PARAMETER TEST CONDITIONS 


cs 
EA 

COMPARATOR SECTION 
[nputBescwren 


CURRENT LIMITING SECTION 


i) 
1S.) 
j=) 
N 


~< 
mo) 


Terminal 9 = 2V with Error 
Amplifier Set for Max Out, 
Ta = 25°C 


Sense voltage for 25% Output Duty 
Cycle 


Sense Voltage T.C. 


Rolloff Pole of R51 C3 + Q64 


OUTPUT SECTION (EACH OUTUT) 


V+ = 20V 
Ro = 2KQ, Ty = 25°C 
Ro = 2KQ, Ty = 25°C 


NOTES: High W/ 
1. Ramp voltage at Pin7 Low where t=OSC period in microseconds 
‘ t ‘ 


iti t= RyCy with Cy in microfarads and Ry in ohms. 
Output frequency at each output transistor is half OSC frequency when each output is used separately and is equal to the OSC frequency 
when each output is connected in parallel. 


2. Excluding oscillator charging current, error and current limit dividers, and with outputs open. 
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Schematic Diagram 
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Schematic Diagram (Continued) 
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Circuit Description 


Voltage Reference Section 


The CAI524 series contains an internal series voltage regu- 
lator employing a zener reference to provide a nominal 5-volt 
output, which is used to bias all internal timing and control 
circuitry. The output of this regulator is available at terminal 
I6 and is capable of supplying up to 50mA output current. 


Figure 1 shows the temperature variation of the reference 
voltage with supply voltages of 8 to 40 volts and load 
currents up to 20mA. Load regulation and line regulation 
curves are shown in Figures 2 and 3, respectively. 


Pes (a OO 
g 5.00 | | eee a ae V+ = 40V, i cone 
SL ee te seu moma 
i asc Qa Vig BK, w 20a 
Ww sa 
aver nc cl RD DR 
nee See es 
-60 -40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (°C) 

FIGURE 1. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 

OF AMBIENT TEMPERATURE 


REFERENCE VOLTAGE (V) 


sete cI 
CCE ey 
LILI ii ty 


16 24 32 40 48 56 64 72 80 
REFERENCE OUTPUT CURRENT (mA) 


FIGURE 2. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF REFERENCE OUTPUT CURRENT 


REFERENCE VOLTAGE (V) 


SUPPLY VOLTAGE, V+ (V) 


FIGURE 3. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF SUPPLY VOLTAGE 


Oscillator Section 


Transistors Q42, Q43 and Q44, in conjunction with an 
external resistor Ry, establishes a constant charging current 
into an external capacitor C; to provide a linear ramp voltage 
at terminal 7. The ramp voltage has a value that ranges from 
0.6 to 3.5 volts and is used as the reference for the 
comparator in the device. The charging current is equal to 
(5-2Ve-e)/Ry or approximately 3.6/R; and should be kept 
within the range of 30pA to 2mA by varying Ry. The 
discharge time of Cy determines the pulse width of the 
oscillator output pulse at terminal 3. This pulse has a 
practical range of 0.5y1s to 5ys for a capacitor range of 0.001 
to 0.1pnF. The pulse has two internal uses: as a dead-time 
control of blanking pulse to the output stages to assure that 
both outputs cannot be on simultaneously and as a trigger 
pulse to the internal flip-flop which controls the switching of 
the output between the two output channels. The output 
dead-time relationship is shown in Figure 4. Pulse widths 
less than 0.5us may allow false triggering of one output by 
removing the blanking pulse prior to a stable state in the oe 
flop. 


100 ae 
Sree a RLLiniii 

eq (Li vesev-au TT TTT UT 
wot LU TT Tt 
2 °° Re 
a Lt 
s LLU IT ALT 
so LULA OT 
1 ee 
2 pt er 
Teer TTT 

ov LLU UT i 
0.0001 0.001 0.01 0.1 1.0 


TIMING CAPACITOR, Cy (pF) 


FIGURE 4. TYPICAL OUTPUT STAGE DEAD TIME ASA 
FUNCTION OF TIMING CAPACITOR VALUE 


If a small value of C; must be used, the pulse width can be 
further expanded by the addition of a shunt capacitor in the 
order of 100pF but no greater than 1000pF, from terminal 3 
to ground. When the oscillator output pulse is used as a sync 
input to an oscilloscope, the cable and input capacitances 
may increase the pulse width slightly. A 2-KQ resistor at 
terminal 3 will usually provide sufficient decoupling of the 
cable. The upper limit of the pulse width is determined by the 


maximum duty cycle acceptable. 


The oscillator period is determined by Ry and Cy, with an 
approximate value of t = R7Cy7, where Ry is in ohms, Cr is in 
uF, and t is in ps. Excess lead lengths, which produce stray 
capacitances, should be avoided in connecting Ry and Cy; to 
their respective terminals. Figure 5 provides curves for 
selecting these values for a wide range of oscillator periods. 
For series regulator applications, the two outputs can be 
connected in parallel for an effective 0-90% duty cycle with 
the output stage frequency the same as the oscillator 
frequency. Since the outputs are separate, push-pull and 
flyback applications are possible. The flip-flop divides the 
frequency such that the duty cycle of each output is 0-45% 
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and the overall frequency is half that of the oscillator. Curves 
of the output duty cycle as a function of the voltage at 
terminal 9 are shown in Figure 7. To synchronize two or 
more CAI524’s, one must be designated as master, with Ry 
Cy set for the correct period. Each of the remaining units 
(slaves) must have a Cy of 1/2 the value used in the master 
and approximately a 1010 longer R;Cy period than the mas- 
ter. Connecting terminal 3 together on all units assures that 
the master output pulse, which occurs first and has a wider 
pulse width, will reset the slave units. 


10° 


V+ = 8V - 40V 


mars ar e234 
Aa AVL Ae 


1 10 402 103 104 
OSCILLATOR PERIOD, t (11s) 


FIGURE 5. TYPICAL OSCILLATOR PERIOD AS A FUNCTION 
OF R; AND C; 


TIMING RESISTANCE, Ry (Q) 


_ 
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Error Amplifier Section 


The error amplifier consists of a differential pair (Q56,Q57) 
with an active load (Q61 and Q62) forming a differential 
transconductance amplifier. Since Q61 is driven by a 
constant current source, Q62, the output impedance Royr, 
terminal 9, is very high (= 5MQ). 


The gain is: 
Ay = mR = 8 Io R/2KT = 10%, 
R R 
where R= —————. , Ry =, Ay = 104 
Rout + Fy 


Since Royr is extremely high, the gain can be easily 
reduced from a nominal 10* (80dB) by the addition of an 
external shunt resistor from terminal 9 to ground as shown in 
Figure 6. 
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S in 
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L 
a | 9()° 
OPEN LOOP PHASE 
50 
10 102 10? 104 10° 
FREQUENCY (Hz) | 
FIGURE 6. OPEN-LOOP ERROR AMPLIFIER RESPONSE 
CHARACTERISTICS. 


The output amplifier terminal is also used to compensate the 
system for ac stability. The frequency response and phase 
shift curves are shown in Figure 7. The uncompensated 
amplifier has a single pole at approximately 250Hz and a 
unity gain cross-over at 3MHz. | 


Since most output filter designs introduce one or more 
additional poles at a lower frequency, the best network to 
stabilize the system is a series RC combination at terminal9 
to ground. This network should be designed to introduce a 
zero to cancel out one of the output filter poles. A good start- 
ing point to determine the external poles is a 1000-pF 
capacitor and a variable series 50-KQ potentiometer from 
terminal 9 to ground. The compensation point is also a 
convenient place to insert any programming signal to 
override the error amplifier. internal shutdown and current 
limiting are also connected at terminal 9. Any external circuit 
that can sink 200A can pull this point to ground and shut off 
both output drivers. 


While feedback is normally applied around the entire regula- 
tor, the error amplifier can be used with conventional 
operational amplifier feedback and will be stable in either the 
inverting or non-inverting mode. Input common-mode limits 
must be observed; if not, output signal inversion may result. 
The internal 5-volt reference can be used for conventional 
regulator applications if divided as shown in Figure 8. If the 
error amplifier is connected as a unity gain amplifier, a fixed 
duty cycle application results. 


OUTPUT DUTY CYCLE (%) 
w 
X) 


a Fil A fosc = 20kHz 
aa cot te 
0 04 08 1216 2 24 2.8 32 36 4 
COMPARATOR VOLTAGE (V) 


FIGURE 7. TYPICAL DUTY CYCLE AS A FUNCTION OF 
COMPARATOR VOLTAGE (AT TERMINAL 9). 
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FIGURE 8. TYPICAL OUTPUT SATURATION VOLTAGE AS A 
FUNCTION OF AMBIENT TEMPERATURE. 
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Output Section 


The CA1524-series outputs are two identical n-p-n 
transistors with both collectors and emitters uncommitted. 
Each output transistor has antisaturation circuitry that 
enables a fast transient response for the wide range of 
oscillator frequencies. Current limiting of the output section 
is set at 100mA for each output and 100mA total if both 
Outputs are paralleled. Having both emitters and collectors 
available provides the versatility to drive either n-p-n or p-n-p 
external transistors. Curves of the output saturation voltage 
as a function of temperature and output current are shown in 
Figures 8 and 9, respectively. There area number of output 
configurations possible in the application of the CA1524 to 
voltage regulator circuits which fall into three basic 
classifications: 


1. Capacitor-diode coupled voltage multipliers 
2. Inductor-capacitor single-ended circuits 
3. Transformer-coupled circuits 


OUTPUT SATURATION VOLTAGE (V) 


OUTPUT CURRENT, I, (mA) 


FIGURE 9. TYPICAL OUTPUT SATURATION VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 


Device Application Suggestions _ 


For higher currents, the circuit of Figure 10 may be used with 
an external p-n-p transistor and bias resistor. The internal 
regulator may be bypassed for operation from a fixed 5-volt 
supply by connecting both terminals 15 and 16 to the input 
voltage, which must not exceed 6 volts. 


. Qi 


I, TON 
DEPENDING 
ON CHOICE 
CA1524 FOR Q1 
REFERENCE 


SECTION 


FIGURE 10. CIRCUIT FOR EXPANDING THE REFERENCE 
CURRENT CAPABILITY 


The internal 5-volt reference can be used for conventional 
regulator applications if divided as shown in Figure 11. If the 
error amplifier is connected as a unity gain amplifier, a fixed 
duty cycle application results. | 


' | 
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FIGURE 11. ERROR AMPLIFIER BIASING CIRCUITS 


CA1524 
REFERENCE 
SECTION 


V+ CANNOT 
EXCEED 6V 


NOTE: V+ Should Be in the 5V Range 
_ And Must Not Exceed 6V 


FIGURE 12. CIRCUIT TO ALLOW EXTERNAL BYPASS OF THE 
REFERENCE REGULATION 


To provide an expansion of the dead time without loading the 
oscillator, the circuit of Figure 13 may be used. 


is) 
ska 3 <—_}¢-_(2) 
(e) 


FIGURE 13. CIRCUIT FOR EXPANSION OF DEAD TIME, WITH- 
OUT USING A CAPACITOR ON PIN 3 OR WHEN A 
LOW VALUE OSCILLATOR CAPACITOR IS USED 
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Vo =5V TABLE 1. INPUT vs. OUTPUT VOLTAGE, AND FEEDBACK 
RESISTOR VALUES FOR |,=40mA (FOR CAPACI- 
TOR-DIODE OUTPUT CIRCUIT IN FIGURE 18) 


i VoR2 ) 
= — ([Vy+ 
Rs ( TH” Ri + R2 


V 
Isc = = WHERE 
S 


VrH = 200mV 


FIGURE 14. FOLDBACK CURRENT-LIMITING CIRCUIT USED 
TO REDUCE POWER DISSIPATION UNDER 
SHORTED OUTPUT CONDITIONS 
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NOTE: Diode D1 Is Necessary To Prevent Reverse 


Emitter-Base Breakdown of Transistor Switch S, 79) 
Lu 
FIGURE 15. CAPACITOR-DIODE COUPLED VOLTAGE Tj ae 
MULTIPLIER OUTPUT STAGES Sa Q. 
Vo oO Oo. 
eS 
V+ = Tp) 
Sa/Sp Sp > cr 
V+ ——0oC +Vo i = 
PUSH-PULL co 
V+>Vo + QO. 
Vo 
V+ 
V+ +Vo 
Sa/Sp V+< Vo : HALF BRIDGE 
a c 
Sa/Sp 
V+ —oc “Vo 
1V+1<IVol 
FIGURE 16. SINGLE-ENDED INDUCTOR CIRCUITS WHERE THE == FULL BRIDGE 
TWO OUTPUTS OF THE 1524 ARE CONNECTED IN 
PARALLEL FIGURE 17. TRANSFORMER-COUPLED OUTPUTS 
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Applications* 


A capacitor-diode output filter is used in Figure 19 to convert 
+15Vdc to -5Vde at output currents up to 50mA. Since the 
output transistors have built-in current limiting, no additional 
current limiting is needed. Table 1 gives the required 
minimum input voltage and feedback resistor values, R2, for 
an output voltage. 


Capacitor-Diode Output Circuit 


A capacitor-diode output filter is used in Figure18 to convert 
+15Vdc to -5Vdc at output currents up to 50mA. Since the 
output transistors have built-in current limiting, no additional 
Current limiting is needed. Table 1 gives the required 
minimum input voltage and feedback resistor values, R2, for 
an output voltage range of -0.5V to -20V with an output 
current of 40mA. 


ot 


Single-Ended Switching Regulator 


The CA1524 in the circuit of Figure 19 has both output 
stages connected in parallel to produce an effective 0% - 
90% duty cycle. Transistor Q1 is pulsed on and off by these 
Output stages. Regulation is achieved from the feedback 
provided by R1 and R2 to the error amplifier which adjusts 
the on-time of the output transistors according to the load 
current being drawn. Various output voltages can be 
obtained by adjusting R1 and R2. The use of an output 
inductor requires an R-C phase compensation network to 
stabilize the system. Current limiting is set at 1.9 amperes by 
the sense resistor R3. 


* For additional information on the application of this device and a 
further explanation of the circuits below, see RCA Application Note 
ICAN-691 5 “Application of the CA1524 series PWM IC”. 


20nF 1IN1341B 


FIGURE 18. CAPACITOR-DIODE OUTPUT CIRCUIT 
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FIGURE 19. SINGLE-ENDED LC SWITCHING REGULATOR CIRCUIT 
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Flyback Converter 


Figure 20 shows a flyback converter circuit for generating a 
dual 15-volt output at 20mA from a 5-volt regulated line. 
Reference voltage is provided by the input and the internal 
reference generator is unused. Current limiting in this circuit 
is accomplished by sensing current in the primary line and 
resetting the soft-start circuit. 


Push-Pull Converter 


The output stages of the CA1524 provide the drive for 
transistors Q1 and Q2 in the push-pull application of Figure 
21. Since the internal flip-flop divides the oscillator frequency 
by two, the oscillator must be set at twice the output 
frequency. Current limiting for this circuit is done in the 
primary of transformer T1 so that the pulse width will be 
reduced if transformer saturation should occur. 


CA3524 
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Low-Frequency Pulse Generator 


Figure 22 shows the CA1524 being used as a low-frequency 
pulse generator. Since all components (error amplifier, 
oscillator, oscillator reference regulator, output transistor 
drivers) are on the IC, a regulated 5-V (or 2.5-V) pulse of 0% 
- 45% (or 0% - 90%) on time is possible over a frequency 
range of 150 to 500Hz. Switch S1 is used to go from a 5-V 
output pulse (S1 closed) to a 2.5-V output pulse (S1 open) 
with a duty cycle range of 0% to 45%. The output frequency 
will be roughly half of the oscillator frequency when the 
output transistors are not connected in parallel (75Hz to 
250Hz, respectively). Switch S2 will allow both output stages 
to be paralleled for an effective duty cycle of 0%-90% with 
the output frequency range from 150 to 500Hz. The 
frequency is adjusted by R1; R2 controls duty cycle. 


IN3418 
O +15V 
oT = 
50uF 
-15V 
IN1341B 


2N6290 
CORE: FEROX CUBE 
2213P - A250 - 397 
OR EQUIVALENT 


0.001 pF 


FIGURE 20. FLYBACK CONVERTER CIRCUIT 


eS 
(5) 
@ 
3) 
(19) 


FIGURE 21. PUSH-PULL TRANSFORMER-COUPLED CONVERTER 
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CA1524, CA2524, CA3524 


VREFERENCE 
tk 1k 
TO PINS 
1/2 $2 
lok DUTY CYCLE 
TO PIN [2 TO PINI3 
ADJUSTMENT vtesy OUTPUT | OUTPUT 2 
R2 
OUTPUT Ia 
2k 15k {wes f \2s2 
= = = = OUTPUT 2a 
RI : 
50k Sk {vs 
FREQUENCY al. 1. 
ADJUSTMENT a Our jt. CA3524 
; SILVER> = 
MICA TOPINI 
20k 
= OUTPUT DUTY 


SWITCH 


PULSES 


FIGURE 22. LOW-FREQUENCY PULSE GENERATOR 


The Variable Switcher 


The circuit diagram of the CA1524, used as a variable output 


voltage power supply is shown in Figure 23. By connecting 
the two output transistors in parallel, the duty cycle is 
doubled, i.e., 0% - 90%. As the reference voltage level is 


DI-D2-IN206A 
D3-D4-IN206B 


R3 
10 k 


R4 
Sk 


a 
in] 
ce" 


VOLTAGE 
CONTROL 


varied, the feedback voltage will track that level and cause 
the output voltage to change according to the change in 
reference voltage. 


50mH 
IFILAR 
WINDING 


R9-15k 
C9-3300 p-p 


FIGURE 23. THE CA1524 USED AS A 0-5A, 7-30 V LABORATORY SUPPLY 
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CA1524, CA2524, CA3524 


Digital Readout Scale 


The CA1524 can be used as the driving source for an 
electronic scale application. The circuit shown in Figures 24 
and 25 uses half (Q2) of the CA1524 output in a low-voltage 
switching regulator (2.2V) application to drive the LED's 
displaying the weight. The remaining output stage (Q1) is 
used as a driver for the sampling plates PL1 and PL2. Since 
the CA1524 contains a 5-volt internal regulator and a wide 
operating range of 8 to 40 volts, a single 9-volt battery can 
power the total system. The two plates, PL1 and PL2, are 
driven with opposite phase signals (frequency held constant 
but duty cycle may change) from the pulse-width modulator 
IC (CA1524). The sensor, S, is located between the two 
plates. Plates PL1, S and PL2 form an effective capacitance 
bridge-type divider network. As plate S is moved according 


COUPLED TO MECHANICAL 
SCALE MECHANISM 


OSCILLATOR 
s 20 KHz 

( PART OF 

CAI524) 


CA3I30 


to the object’s weight, a change in capacitance is noted 
between PL1, S and PL2. This change is reflected as a 
voltage to the ac amplifier (CA3160). At the null position the 
signals from PL1 and PL2 as detected by S are equal in 
amplitude, but opposite in phase. As S is driven by the scale 
mechanism down toward PL2, the signal at S becomes 
greater. The CA3160 ac amplifier provides a buffer for the 
small signal change noted at S. The output of the CA3160 is 
converted to a dc voltage by a peak-to-peak detector. A 
peak-to-peak detector is needed, since the duty cycle of the 
sampled waveform is subject to change. The detector output 
is filtered further and displayed via the CA3161E and 
CA3162E digital readout system, indicating the weight on 
the scale. 


NO WEIGHT - 


“LILI LL. ruce scare 


oc 
PEAK TO VOLTAGE 


PEAK 
DETECTOR 


LOW PASS 
FILTER 


DISPLAY 
ORIVE 
(PART OF 
CA!524) 


DIGITAL 
METER 


AND 
DISPLAY 


FIGURE 24. BASIC DIGITAL READOUT SCALE 
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FIGURE 25. SCHEMATIC DIAGRAM OF DIGITAL READOUT SCALE (CONT’D) 
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CA1524, CA2524, CA3524 


TO SCALE 
MECHANISM 910k 910k 
39k 
4300 300 K 
= 2N4037 2.8V A 
9v0 B 
c 
5V 
47K CAI524 
4700 pF 
Hoe °¢ S00 -[ons 
4.7 
FIGURE 26. SCHEMATIC DIAGRAM OF DIGITAL READOUT SCALE 
0 
73- 
60— 
40- 
20- 
si je 4-10 : 
(0.102 -0.254) 
80-88 
(2.032-2.235) 
DIMENSIONS AND PAD LAYOUT FOR CA3524RH CHIP 
NOTE: Dimensions in parentheses are in millimeters and are de- the wafer. When the wafer is cut into chips, the cleavage angles are 


rived from the basic inch dimensions as indicated. Grid graduations 57° instead of 90° with respect to the face of the chip. Therefore, the 
are in mils (10° inch). The layout represents a chip whenitis partof isolated chip is actually 7 mils (0.17mm) larger in both dimensions. 
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SEMICONDUCTOR 


tt FARRIS 


May 1992 


Features 


e Up to 100mA Output Current 
¢ Input and Output Short-Circuit Protection 


e Load and Line Regulation............... 


e Pin Compatible with LM100 Series 
e Adjustable Output Voltage 


Applications 

e Shunt Voltage Regulator 

e Current Regulator 

¢ Switching Voltage Regulator 

¢ High-Current Voltage Regulator 


e Combination Positive and Negative Voltage Regulator 


e Dual Tracking Regulator 


VIN Vout MAX 
RANGE RANGE lout 
TYPE 


not specified beyond 12mA. 


Seow 0.025% 


MAX LOAD 
REGULATION 


(EN IEE 


* This value may be extended to 100mA; however, regulation is 


CA3085, CA3085A 
CA3085B 


Positive Voltage Regulators from 
1.7V to 46V at Currents Up to 100mA 


Description 


The CA3085, CA3085A, and CA3085B are silicon monolithic integrated 
circuits designed specifically for service as voltage regulators at output 
voltages ranging from 1.7V to 46V at currents up to 100 milliamperes. 


A block diagram of the CA3085 Series is shown. The diagram shows 
the connecting terminals that provide access to the regulator circuit 
components. The voltage regulators provide important features such 
as: frequency compensation, short-circuit protection, temperature- 
compensated reference voltage, current limiting, and booster input. 
These devices are useful in a wide range of applications for regulating 
high-current, switching, shunt, and positive and negative voltages. They 
are also applicable for current and dual-tracking regulation. 


The CA3085A and CA3085B have output current capabilities up to 
100mA and the CA3085 up to 12mA without the use of external pass 
transistors. However, all the devices can provide voltage regulation at 
load currents greater than 100mA with the use of suitable external pass 
transistors. The CA3085 Series has an unregulated input voltage rang- 
ing from 7.5V to 30V (CA3085), 7.5V to 40V (CA3085A), and 7.5V to 
50V (CA3085B) and a minimum regulated output voltage of 26V 
(CA3085), 36V (CA3085A), and 46V (CA3085B). 


Ordering Information 


PART NUMBER TEMPERATURE PACKAGE 
CA8085, A, B -55°C to +125°C + | 8 Lead TO-5 
CA3085S, AS, BS -55°C to+125°C | 8 Lead |BLeadTO-5 | 


CA3085E, AE, BE -55°C to+125°C | 8 stents TO-5 
“DIL-CAN” 


%Vout 


Functional Block Diagram 


Pinouts 
8 LEAD PLASTIC DIP 
TOP VIEW 
rg] CURRENT 
Our a 18) iit 
CURRENT [9] 
BOOSTER L2 '7] COMPANHIBIT 
Vin £3] 6] -IN 
v- 14] 5] Vrer 


8 LEAD TO-5 DIL-CAN 


8 LEAD TO-5 STYLE 
TOP VIEW 
CURRENT 
LIMIT 
OUT 
CURRENT 
BOOSTER 


V*iIN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


UNREGULATED 
INPUT (V*,,) & 


CURRENT 
SOURCE 


CURRENT 
BOOSTER 


2) 7% COMPENSATION AND 
EXTERNAL INHIBIT 


STARTING 
CIRCUIT 


REGULATED 
OUTPUT 


(8) CURRENT 


SUBSTRATE INV 
V- OD Vner @& © LIMITING 


INPUT 
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Specifications CA3085, CA3085A, CA3085B 


Absolute Maximum Ratings 


SUpply VOllAgG fe 2cs eerie ee Wiceeeedae sadekca ie +7.0V 
Unregulated Input Voltage 
CAB08 5 55S Seo bes Fess ease te a eees 30V 
CASO BS Aiki ies crc hw tee oOo bee ate Gerona SFA a eee 40V 
CAS0BSB sy si ba gta Soa ee aoa ae Ree aOR ae ae Ss 50V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... . 0.0... . cee cee ee ence +175°C 
Lead Temperature (Soldering 10s)...............0000- +265°C 


Reliability Information 


Thermal Resistance .............06. 0; 0: 


a 
Ceramic DIP Package............. 5°C/W 15°C/W 
Maximum Package Power Dissipation 
Plastic Mini-DIP (Without Heat Sink) 
Up tO Tp = 5S Css. mucin prewar ane erence ea ganic 630mW 
Above Ty = 55°C ............ Derate Linearly at 6.67mW/°C 
TO-5 Package (With Heat Sink) 
Up 10 Tee SSO nerdtaten cere dete ece moka’ 1.6W 
Above Tc = 55°C ............ Derate Linearly at 16.7mW/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................ ee +1.7V to +46V 


Maximum Voltage Ratings 


Operating Temperature Range ................ -55°C to +125°C 


The following chart gives the range of voltages which can be applied to the terminal listed verticaly with respect to the terminals listed 
horizontally. For example, the voltage range between vertical Terminal Number 7 and horizontal Terminal Number 1 is +3 to -10 volts. 


Note 1 Note 1 +10 
0 
Ce 


Note 1 + (Note 2 
0) 
Se hat fd Bad 
-1 


+10 0 + (Note 2) 
- (Note 2) - (Note 2) 0 
+ (Note 2) 
0 
+ (Note 2) 
0 
Substrate 
and Case 


1. Voltages are not normally applied between these terminals; however, voltages appearing between these terminals are safe, if the specified 


voltage limits between all other terminals are not exceeded. 
2. 30V (CA3085); 40V (CA3085A; 50V (CA3085B) 


Maximum Current Ratings 
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Specifications CA3085, CA3085A, CA3085B 


DC Electrical Specifications T, = 25°C, Unless Otherwise Specified 


LIMITS 


CA3085 CA3085A CA3085B 
TYP } MIN | TYP | MAX TYP | MAX | UNITS 


a 
Mad Sad ed bl 
ese 

as 


TEST 
CONDITIONS 


PARAMETERS | SYMBOL 
DC CHARACTERISTICS 


Vrer = 15V (Figure 3) 1. 


lquiescent | V*in = SOV (Figure 3) 
= 40V (Figure 3) 
V*in = 50V (Figure 3) 


Vo(MAXx) Vtin = 30, 40, 50V 
(Note 1); Ry = 365; 
Term. No. 6 to GND 


y 


Reference 
Voltage 


ine) oi @) 
= No D 
nT mm 
so nn 
nN iil 
S 
nO N 


Quiescent 
Regulator Current 


= 
ae 
aoe 
hia ek 


4.05 7 


ied ie hd 
SEPT p 
ie ihe ta © 
: “eee 


Input Voltage 
Range 


Maximum Output 
Voltage 


(Figure 3) 


Vo(miN) Vt IN= 30V (Figure 3) 
ial oo 


Vt = 16V, 
Vout = 10V, 


Maximum Output 
Voltage 


Input - Output 4 
Voltage 


Differential 


Limiting Current ILM 


RSCP = 6Q (Note 2) 
(Figure 6) 


Il = 1 to 100mA, 
Rgcp = 0 


I = 1 to 100mA, 


ayey 
0.025 fame 


0.025 %Vout 


Load Regulation 
(Note 3) 


0.035 


ae 

0.15 =] 0.04 
@ 
a 


%Vout 


ia =0, 
= 0°C to +70°C 


—_ Go 
ron) w 
=) i) = > 
mare oa foe) wn 


= 1 to 12mA, 
Rscp = 0 
IL = imA, Rgcp = 0 


I= = 1imA, Rscp = = 0, 
Ta = 0°C to +70°C 


V*in = 25V 
(Figure 10) 


i in 


[ones [00% 


ed 
Lal 0.04 | 0.08 
Z 
= 


Line Regulation 
(Note 4) 


Equivalent Noise 
Output Voltage 


Q) 
pel 
cia 

Mt 

=) 


VNOISE 


ue 


Ripple Rejection V7 in =25V, 
= 1kHz 


(Figure 11) 


Crer = 


Crer = 


=) 
Oo 
> 

on 


Oo 
oO 
Ni 
on 


Output Resis- 0.075 


tance 


Vi = 25V, f = 1kHz 
(Figure 11) 


I = 0, Vrer = 1.6V 


3.43 6 
sole ho) 


— 


alk - 


Temperature 
Coefficient of 
Reference and 
Output Voltages 


VreF Vo 
(Note 4) 


—, 
nar 


is 
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Specifications CA3085, CA3085A, CA3085B 


DC Electrical Specifications 1, = 25°C, Unless Otherwise Specified (Continued) 
LIMITS 


TEST 
PARAMETERS | SYMBOL; CONDITIONS 


LOAD TRANSIENT RECOVERY TIME 


Vin = 25V, +50mA 
Step (Figure 16) 


Turn Off torr VtIN = 25V, -50mA 
Step (Figure 16) 


LOAD TRANSIENT RECOVERY TIME 


2V St 
= hades 


NOTES: 
1. 30V (CA3085), 40V (CA3085A), 50V (CA3085B) 
2. Recp: Short Circuit Protection Resistance 
3. Load Regulation = [AVoyt + Vour(initial)] x 100% 
4. Line Regulation = [AVoyz + Vour(initial)(AVin_)] x 100% 


TISTANCOR TP3 
CA3085, A, B 


COMPENSATION BLACK 
AND EXTERNAL WHITE 
INHIBIT oo 


120V | 
O14 CURRENT ooh 
D BOOSTER 
1 
BLACK 
RED 
REGULATED 
OUTPUT 
INV. CURRENT 
=~ hai ae V, 3.5V to 20V (0 to 90mA) 
. OUT = o- O Oo m 
eyeS Ale Regulation = 0.2% (Line and Load) 
Ripple < 0.5mV at Full Load 
All Resistance Values are in Ohms . 
FIGURE 1. SCHEMATIC DIAGRAM OF CA3085 SERIES FIGURE 2. APPLICATION OF THE CA3085 SERIES IN 


A TYPICAL POWER SUPPLY 
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CA3085, CA3085A, CA3085B 


Test Circuits and Typical Characteristics Curves 


lQUIESCENT 


Prest | ma | wl moe | os _ 
TEST Re Vin NO. 6 

War [=| 16 [Open Opon 
Teuescen | =| +40 [Open | Open 


FIGURE 3. TEST CIRCUIT FOR Vper, lquiescent» VouT(Max): 
VouT(MIN) 


+ 
QUIESCENT REGULATOR CURRENT (mA) 
Ww 


0 10 20 30 40 50 
INPUT VOLTS (V+) 


FIGURE 4. lQuIESCENT vs. Vw 


NORMALIZED CURVE GENERATED FROM 
IQuiESCENT VS. V+iy CURVE WITH Ta = +25°C =I 


1.1 
- 
Ze 
id 
Ow 
nm 
Wu oc 
ao 1 
ac 
we 
=i) 
<5 
Fae 
Or 0.9 
=z 
ty 
er 
Co 
On 
08 55 50-25 0 25 50 75 100 125 * Vout = 1.6 x (Ry + Ro + R;) >a) 
AMBIENT TEMPERATURE - Ta (°C) ** The limits current is inversely proportional to Rgcp = rs 
FIGURE 5. NORMALIZED Iquiescent VS: Ta FIGURE 6. TEST CIRCUIT FOR LIMITING CURRENT ro) w 
Lu 
co 
oO. 
INPUT VOLTS (V+yy) = 15 
5 OUTPUT VOLTS (V+oy7) = 10 


AMBIENT TEMPERATURE (Ta) = +25°C 


_— 
i=] 


LIMITING CURRENT - Ij (mA) 
o 
LOAD REGULATION - % Voy 


INPUT VOLTS (V+) = 15 
OUTPUT VOLTS (V+oy7) = 10 


75 -50 -25 0 25 50 75 100 125 "0 20 40 60 80 100 
AMBIENT TEMPERATURE - Ta (°C) LOAD CURRENT - I, (mA) 
FIGURE 7. ly VS. Ta FIGURE 8. LOAD REGULATION CHARACTERISTICS 
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CA3085, CA3085A, CA3085B 


Test Circuits and Typical Characteristics Curves (Continued) 


INPUT VOLTS (V4jy) = 20 
OUTPUT VOLTS (V+oyr) = 10 


0.05 
S 0.04 
5 
~ 0.03 
s © VNOISE 
G 
& 0.02 
cc 
lw 
Z 0.01 
aad 

0 
-75 25 50 75 100 
AMBIENT TEMPERATURE - Tg (°C) 
FIGURE 9. LINE REGULATION TEMPERATURE. FIGURE 10. TEST CIRCUIT FOR NOISE VOLTAGE 
CHARACTERISTICS 


TEST PROCEDURES FOR TEST CIRCUIT FOR RIPPLE 
REJECTION AND OUTPUT RESISTANCE 


Output Resistance 


Conditions 
1. Vin = +25V, Crer = Q, Short E, 
2. Set Esp at 1KHZ so that Eo = 4Vays 
3. Read Voyt on a VTVM, such as a Hewlett-Packard, HP400D or 
Equivalent 


4. Calculate Rout from Rout = Vout(R/E2) 
Ripple Rejection - | 


Conditions 
As Vin = +25V, Cree =0, Short E, 
2. Set Es; at 1kKHz So that E, = 3Vans 
3. Read Voyz on a VTVM, such as a Hewlett-Packard, HP400D or 
Equivalent 


LACK ee ‘ eee 
Ese oer 3|| = 4. Calculate Ripple Rejection from 20 log (Ey/Voyr) 


HP400D 
OR 


EQUIV. 
T;, Tg = STANCOR TP-3 


ee VELLOW == Ripple Rejection - Il 
~ Conditions 
FIGURE 11. TEST CIRCUIT FOR RIPPLE REJECTION AND 1. Repeat Ripple Rejection | with Crep = 2uF 
OUTPUT RESISTANCE 


|__| INPUT VOLTS (V+,y) = 27V 
AMBIENT TEMPERATURE (Ta) = +25°C 


INPUT VOLTS (V+iy) = 27V 
FREQUENCY (f) = 1kHz 

OUTPUT RESISTANCE (Ro) = 0.075 
(AT Ta = +25°C) 


4 


\ 


4 


OUTPUT RESISTANCE - Ro (2) 


NORMALIZED OUTPUT RESISTANCE (Ro) 


Sm ieNGl 
SS RE Gl Gs 
Es 2 0 ee eee a * 
EE 0 0 ee ee eee ee. 


a pt TH | Lt 


o1 2 488, 2 468 2 468 2 468 75 50 -2 0 25 50 75 100 125 
AMBI Ty (° 
EGUENCIAS MBIENT TEMPERATURE -T, (°C) 
FIGURE 12. ro vs. f FIGURE 13. NORMALIZED fo vs. Ta 
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CA3085, CA3085A, CA3085B 


Test Circuits and Typical Characteristics Curves (Continued) 


REF 


REFERENCE VOLTS (Vper) = +1.6V 
(AT Ta = 425°C) 
LOAD CURRENT (I,) = 0 


INPUT VOLTS 
(Vin) = 10 


INPUT VOLTS MINUS OUTPUT VOLTS (Vin - Vout) 


A CHANGE IN REFERENCE VOLTAGE - % V 
A CHANGE IN OUTPUT VOLTAGE - % Vout 


“75 50 -25 O 25 50 75 100 125 0 20 40 60 80 100 
AMBIENT TEMPERATURE - Ta (°C) OUTPUT MILLIAMPERES (Ioy7) 


FIGURE 14. TEMPERATURE COEFFICIENT OF Vage AND Voyt FIGURE 15. DISSIPATION LIMITATION (Viy - Vout VS- ou) 


100 pF 


VIN = 22¥ O Your = 15¥ 
3002 [ IL 
CA3085, 
A,B 


ae a1 —b— 
= B.2KN 
wn ae 
a 


& 
Oo, pF 1K Cry 


PULSE 


QUIESCENT OUTPUT GEN. 
CURRENT =1.5mA = = = = 


wf be 


seihaalcclcikatal Didianan ae 


H+ goes eee 50mA STEP (I,) 
— > t(ips/cm) | 


ty 
er 
aay 
On 
> 
30 
cfr 
Ws 
£o 
oO. 


Vout 


Vputse GEN 


FIGURE 16. TURN-ON AND TURN-OFF RECOVERY TIME TEST CIRCUIT WITH ASSOCIATED WAVEFORMS 


See Application Note 6157 for further information 
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CA3085, CA3085A, CA3085B 
Typical Regulator Circuits 


VIN 


(UNREGULATED 
SUPPLY) 


TYPE 
2NS497 


(REGULATED 
OUTPUT) 


| 100 pF 


*R] AND R2 SELECTED FOR 
DESIRED OUTPUT 


Vour * Yt Mae 


RL "IL = 1.6+R1, 200mMA < 2A 


Q1: Any N-P-N Silicon Transistor that can handle a 2A Load 
= Current such as RCA-2N3772 or Equivalent 


FIGURE 17. TYPICAL HIGH CURRENT VOLTAGE REGULATOR FIGURE 18. TYPICAL CURRENT REGULATOR CIRCUIT 
CIRCUIT 


Rscp" 
Vin a CA3085,A,8 (8) 
ao VOUT 
2yF S > 3 Ro 
(SOV) {7 (7) 
= 4) 
a Ri 


0.00IuF 


vt {Q 


(3) 
eel 
(2) (8) 
pon ri | CA3085,A,8 
VIN Q; @) ©) R2° 
OUTPUT (7) 
Q Ri® 
- Vout 
VIN Rscp =“ L sour 
+76 Ov) 
ae 2HF (SOV) a 
All Resistance Values are in Ohms All Resistance Values are in Ohms 
D,: RCA-1N1763A or Equivalent Q1: RCA-2N2102 or Equivalent 
Q,: RCA-2N5322 or Equivalent 


Q2: Any P-N-P Silicon Transistor (RCA-2N5322 or Equivalent) 

"Ry = 0.71, (Max) Q3: Any N-P-N Silicon Transistor that can handle the deisred 
Load Current (RCA-2N3772 or Equivalent) 

"Vout = (Ry + Ra) + Ry 

*Rgcp: Short Circuit Protection Resistance 


FIGURE 19. TYPICAL SWITCHING REGULATOR CIRCUIT FIGURE 20. COMBINATION POSITIVE AND NEGATIVE VOLT- 
. AGE REGULATOR CIRCUIT 
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SEMICONDUCTOR 


CA3277 


Dual 5V Regulator With Logic Controlled 
Startup for Microcontroller Applications 


PRELIMINARY 


May 1992 


Features 


e Dual 5V Regulator 

“ Vour1 5V 50mA - Standby 

- Voyt2 5V 80mA - Enabled 
Regulated 6.2V to 18V 
Bandgap Voltage References 


¢ Overvoltage Shutdown 

e¢ Short Circuit Current Limiting 

e Thermal Shutdown Protection 

¢ Power ON Delayed Reset Control 

e Ignition Comparator & Logic Switch 
¢ Data Comparator & Logic Switch 

¢ 100x Current Multiplier/Amplifier 


A pplications of an npn transistor open collector. 
¢ Industrial Controls NUMBER RANGE 
- 
sabiniainty StpBly 
Pinout Functional Block Diagram 
16 LEAD DUAL-IN-LINE PACKAGE _— Os 3 
> 
TOP VIEW ot = eee +5V/50mA 7 
voltage | | VOLTAGE co 
pall 16] (GN PROTECTION, [REFERENCE an © o 
OUT1 15] OUT2 < 7 
DATA IN 14] ENABLE 3 or 
GND 113] GND cc 3 
oO. 


GND 12] GND 
DATA OUT IGN OUT 
CRST 10) CUR IN 
RESET [8 '9 | CUR OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Description 


The CA3277 is a Dual 5 Voltage Regulator IC intended for micro- 
processor and logic controller applications. It is supplied with fea- 
tures that are commonly specified for shutdown and startup 
requirements of microcontrollers. Overvoltage shutdown, short 
circuit current limiting and thermal shutdown features are pro- 
vided for protection in the harsh environmental applications of 
industrial and automotive systems. The CA3277 functions are 
complementary to the needs of microcontroller and memory cir- 
cuits. The ignition comparator provides a switched output to the 
microcontroller port input and the microcontroller provides a logic 
switched output to the regulator enable input. The standby output 
of the regulator supplies the microcontroller/memory circuits. 
Other functions of the CA3277 include a data comparator and a 
logic switch to transfer remote data to the microcontroller at a 5V 
logic level (RDI input). Data is transmitted from the microcontroller 
(TDO output) to the input of the CA3277 current amplifier which 
amplifies and translates the signal to a high level from the output 


7 
Crst 
[ae 
>. 


CONTROL 


CURRENT |_2 
MULTIPLIER | cur OUT 


4, 5, 12,13 =- GROUND 


File Number 2792.2 


Specifications CA3277 


Absolute Maximum Ratings 


Veart (Short Duration) .... 0... . 0 cece eee ee ee eee -14V to 26V 
Vearr Maximum Operation... ..... 0... cee ee eee eee 18V Max. 
Maximum Output 1 Load Current.................. 50mA Max. 
Maximum Output 2 Load Current.................. 80mA Max. 


Power Dissipation Ratings 


UD 16 60 Cscc6 kcceact a eeese eet oee eben ewes 1.5W Max. 
Derate Above 60°C ............ cece eee eee 16.6mMW/C Max. 
Ambient Operating Temperature................ -40°C to +85°C 
Storage Temperature Range.................- -55°C to +150°C 
Maximum Junction Temperature. .............. 000 c eee +150°C 
Lead Temperature (During Soldering) 

"Vy" + Van” from case, 10S MAX. ........ 2c cee eee eee 265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, OUT1 = 50mA, OUT2 = 80mA Unless Otherwise Specified 


REG OUTPUT 1 


Dropout Voltage 


LIMITS 
PARAMETERS CONDITIONS p MIN TYP 


Output Voltage Veart = 9V to 16V 


Load Reg. 0.5mA to 50mA 


aC 
A128 Vou No Lae, Vowas= Vie = 
Vaart = 16V, Dataln=Vearr -BV 
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“Lk 0.47 “L 0.01 
TDO CONTROL RDI SENSE RESET Vop +5V 
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FIGURE 1. TYPICAL APPLICATION CIRCUIT 
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ae Caer _ HIP5060 


Power Control IC 


May 1992 Single Chip Power Supply 
Features Description 
¢ Single Chip Current Mode Control IC The HIP5060 is a complete power control IC, incorporating both the high 


: : power DMOS transistor, CMOS logic and low level analog circuitry on the 
SOUy OA Oorchip PMCs Manele iot same Intelligent Power IC. Both the standard “Boost” and the “SEPIC” 
e Thermal Protection (Single-Ended Primary Inductance Converter) power supply topologies 
are easily implemented with this single control IC. 


Over-Voltage Protection 
Special power transistor current sensing circuitry is incorporated that 
minimizes losses due to the monitoring circuitry. Moreover, over-temper-. 
e 1MHz Operation or External Clock ature and over-voltage detection circuitry is incorporated within the IC to 
monitor the chip temperature and the actual power supply output volt- 
age. These circuits can disable the drive to the power transistor to pro- 


e Over-Current Protection 


e Synchronization Output 


¢ On-Chip Reference Voltage - 5.1V tect both the transistor and, most importantly, the load from over-voltage. 

¢ Output Rise and Fall Times ~ 3ns As a result of the power DMOS transistor’s current and voltage capability 
| (10A and 60V), power supplies with output power capability up to 100 

¢ Designed for 27V to 45V Operation watts are possible. 

Applications 


Ordering Information 


PART NUMBER TEMPERATURE RANGE | PACKAGE | 
HIP5060DY 0°C to +85°C 37 Pad Chip 
raPSOGOOW C0 +85°0 


¢ Single Chip Power Supplies 


e¢ Current Mode PWM Applications 
e Distributed Power Supplies 


e Multiple Output Converters 


Chip © 

a 

= SBS € a@ee 

a i 2CCLeCLLLLLLLE- 
FLTH (37) i - | —— . | B®) Vooa 
VREG (36) fm (9) V+ 
VCMP (35) i iz (10) SLCT 
PSOK (34) i: | oars 5 (11) CKIO 
SHRT (33) im | B® (12) DGD1 
PSEN (32) I: | (13) Vppp 
TMON (31) Hi -] (14) Vopp 


im) | 


Ce ee ete, ag are cat att tt a oe ee a een 


S (15) 


NOTE: Unused pads are for trim and test. 
153 mils x 165 mils (3.88mm x 4.19mm) 


CAUTION: These devices are sensitive to electrostatic discharge. Users shoulc follow proper |.C. Handling Procedures. 


| File Number 3207 
Copyright © Harris Corporation 1992 7-42 


HIP5060 


Simplified Block Diagram 
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Specifications HIP5060 


Absolute Maximum Ratings Thermal Information 

DC Supply Voltage, V+.... 2.0.0... ce eee ee eee -0.3V to45V Thermal Resistance Junction-to-Case Bic 
DMOS Drain Voltage .......... 0. cee eee eee eee -0.3V to 60V (Eutectic Mounting to Heat Sink .......... 3°C/W Max 
DMOS: Drain: Current sos. ove ek ee eGw See cea wew ey ses 20A 

DG Logic SUPDIY <i. .cciauceiadeoesaee sp esacsae es -0.3V to 16V 

Output Voltage, Logic Outputs ................06. -0.3V to 16V 

Input Voltage, Analog and Logic.................. -0.3V to 16V 

Operating Junction Temperature Range........... 0°C to +110°C 

Storage Temperature Range ................. -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics V+ = 36V, T, = 0°C to +110°C; Unless Otherwise Specified 


| LIMITS 
- SYMBOL PARAMETER 


TYP 
DEVICE PARAMETERS 


I+ Supply Current PSEN = 12V 


Vopa Internal Regulator Output V+ = 15V to 45V, loyr = 10MA 
Voltage 


VINP Reference Voltage lvinp = OMA 


Ryine VINP Resistance VINP = 0 


ERROR AMPLIFIERS 


TEST CONDITIONS 


= 


_ 
io) 
ye) 


0 


on 
J 

—_ 
on Te) 
ra on 


Mio! Input Offset Voltage lvoup = OMA 10 mV 
(VREG - VINP) 
Riv VREG | Input Resistance to GND VREG = 5.1V a ee 
Gm (VREG) VREG Transconductance VCMP = 1V to 8V, SFST = 11V 15 
lvomp/(VREG - VINP) 
Om (SFST) SFST Transconductance Vsest < 4.9V 
lvemp/(VREG - SFST) 
Maximum Sink Current VREG = 5.25V, VCMP = 0.4V 0.75 a ee 
OVTH Over-Voltage Threshold Voltage at VREG for FLTN to be Lo ec isd te 
latched 


CLOCK 


Internal Clock Frequency 


= 
| Drain = 5A, Ty = 425°C Pee e 0.13 


Drain to Source Voltage = 60V 


IRFO = OmA to -5mA, 
VCMP = 0.2V to 7.6V 
i - I : 
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Vry CKIN External Clock Input Threshold 


Voltages 


DMOS TRANSISTORS 


Drain-Source On-State 
Resistance 


'ps(on) 


Ble 


Drain-Source Leakage Current 


CURRENT CONTROLLED PWM 


Buffer Offset Voltage (VCMP - 
ViRFO) 


Voltage at IRFO that disables 
PWM. This is due to low load 
current 


Viol VCMP 125 


3 


ala 
< < 


Vry IRFO 


Specifications HIP5060 


Electrical Characteristics V+ = 36V, T, = 0°C to +110°C; Unless Otherwise Specified (Continued) 


LIMITS 
SYMBOL PARAMETER 


CURRENT CONTROLLED PWM (Continued) 


TEST CONDITIONS 


ty IRFO 


Voltage at IRFO to enable SHRT 
output current. This is due to 


Regulator Over Current Condi- 
tion 


IsHAT SHRT Output Current, During VinFo = 8.1V -37 -17 pA 
Over-Current 
a 


Vy SHRT Threshold voltage on SHRT to 4 
set FLTN latch 
IGAIN lpeak (DMOSprain)linei Al (DMOSppain)/At = 1A/ms 
Rian | TRF Ressanco to GND 180 


tas” Current Comparator Response Al (DMOSpprain)/At > 1A/us 30 
Time 
MCPW* Minimum Controllable Pulse 
Width 
MCPI* Minimum Controllable DMOS 200 400 800 
Peak Current 


START-UP 


=| 


E 
oO 
—_ 
=) 
io) 


< 
+ 


Rising V+ Power-On Reset 
Voltage 


V+ Falling V+ Power-Off Set 
Voltage 


5 
N 
E 


< 


Vr PSEN Voltage at PSEN to Enable 
Supply 


Internal Pull-Up Resistance, to 
5.1V 


— Soft-Start Charging Current Vorsr = OV to 10V 0.7 0.4 


PSOK High-State Leakage SFST = OV, PSOK = 12V -1 
Current 


Vesox | PSOK Low-State Voltage SFST = 11V, Ipgox = 1mA a a 


ty 
B 5 
Ca 
On 
a 
<0 
cf 
WS 
Lo 
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nN 
E 


THERMAL MONITOR 


TEMP* Substrate Temperature for TMON pin open 105 pa © 
Thermal Monitor to Trip | 


* Determined by design, not a measured parameter. 
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HIP5060 


Pin Descriptions 


PAD NUMBER DESIGNATION DESCRIPTION 
Se ae AGND Analog ground. | 
VINP Internal 5.1V reference. . 


SFST Controls the rate of rise of the output voltage. Time is determined by an internal 0.7pA current 
source and an external capacitor. 


IRFO Aresistor placed between this pad and IRFI converts the VCMP signal to a current for the current 
sense comparator. The maximum current is set by the value of the resistor, according to the 
equation: Ipeax = 32/R. Where R is the value of the external resistor in KQ and must be greater 
than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will 
be 17.8A. This assumes VCMP is 7.3V. Maximum output current should be kept below 20A. 


This is the main supply voltage input pad to the regulator IC. Because of the high peak currents 
this pad must be well bypassed with at least a 0.7p,F capacitor and may be composed of seven, 
single 0.1p.F chip capacitors. 


+ 


SLCT This pad provides for the option of using either internal 1MHz operation of for an external clock. 
Floating or grounding this pad will place the internal clock at the CKIO pad. Returning this termi- 
nal to Vppp or 12V will allow application of an external clock to the IC via the CKIO pad. There 


is an internal 50K pull down 


CKIO Clock output when SLCT is floated or grounded. External clock input when SLCT is returned to 
12V. 


DGD1 | This pad is the return for the digital supply. 


ss 
ss 


—_ 


13 & 14 


These pads are used to decouple the high current pulses to the output driver transistors. The 


Vpop 
capacitor should be at least a 0.1F chip capacitor placed close to this pad and the DMOS 
source pads. 


Source pads of the DMOS power transistor. 
Drain pads of the DMOS power transistor. 


This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By 
returning this pad to 12V the function is disabled. Returning this pad to ground will put the IC into 
the thermal shutdown state. Normally, this pad is left floating. Thermal shutdown occurs at a 
nominal junction temperature of +125°C. 


15, 16, 19, 20, 
23, 24, 27, 28 


17, 18, 21, 22, 
25, 26, 29, 30 


—_ 


TMON 


NO 


PSEN This terminal is provided to activate the converter. This terminal may be left open or returned to 


5V for normal operation. When the input is low, the DMOS driver is disabled. 


SHRT 251A is internally applied to this node when there is an over-current condition. 
PSOK This pad provides a delayed positive indication when the supply is enabled. 


VCMP Output of the transconductance amplifier. This node is used for both gain and frequency com- 
pensation of the loop. 


VREG Input to the transconductance error amplifier is available on this pad. The other input is internally 
connected to the 5.1V reference, VINP, Pad 2. 


FLTN 


This is an open drain output that remains low when V+ is too low for proper operation. This node 
and PSEN are useful in multiple converter configurations. This pad will be latched low when over- 
temperature, over-voltage or over-current is experienced. 
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Functional Block Diagram 


V+ 


VINP 


FLTN 


wo 
. vi 
w” 
+ 


={ 
= 
Oo 
= 


on 
= 
= 2) 
+ 


VBAVRAARARAWBAARARARBTABRBRAARFRABRBRRAAABABABRBABABTABBULBLBRABALABULBABA 


Voon sicr emo Wie 


(Aen tnitL tt it ttittitit tt 6@tf £4 tat tf ted tt ttn tne ta thtntttititt tazttitatatatitihd PFRIDBPIPVAPPPPaAVALZPPLDMPOV PMP TELIaEeS “4 


REGULATOR Vv CIRCUITS 
DDA 


A 
6 
y 
4 


ene 


BAND GAP 
REGULATOR 5.1V ~ | SEGULATOR 
VREF , | 
V LIMULTIPLEXER 
VooP MONITOR | 
20KQ 


Vppp 


OWE 
L 


R 
UPPLY 
OK 
V, 


Ow 
Wrurwdanecenadqeaauaaacesecesaaeacacaaa 


i 


GATE 
DRIVERS 


FAST RESET 


CONTROL 


& 
BLANKING 
LOGIC 


BWABABABARAARAFAAARAARBLAFABRBLBAAAARCRERAARBEREABEREATA 


BWALVTABLABRABAALR 


Hi 


CURRENT 


MONITOR- 
ING AMP 


THERMAL 
MONITOR 


SHORT 


S— 


BWBWBABRABABARABLABTARTRBEARKBTACRLERBRLELBLARABRABALEBERLRELEBABLALELELD 


hon he hohe heh eel hh hee ee ee ee ne he an eae ae nee an knttataattttitittit¢ttataetttstsitttaitititi¢ztztitwtzéziéaia 


ty 


7-47 


< 


ty 
B= 
Ca 
On 
a 
<0 
ef 
us 
Lo 
Qo 


a HARRIS HIP5062 


Power Control IC 


May 1992 Single Chip Dual Switching Power Supply 
Features Description 
¢ Two Current Mode Control Regulators The HIP5062 is a complete power control IC, incorporating two high 


: ; power DMOS transistors, CMOS logic and two low level analog control 
* Two 60V, SA On-chip DMOS Transistors circuits on the same Intelligent Power IC. Both the standard “Boost” and 
e¢ Thermal Protection the “SEPIC” (Single-Ended Primary Inductance Converter) power supply 
topologies are easily implemented with this single control IC. 


Over-Voltage Protection 
Special power transistor current sensing circuitry is incorporated that 
minimizes losses due to the monitoring circuitry. Moreover, over-temper- 


Over-Current Protection 


¢ 1MHz Operation or External Clock ature and over-voltage detection circuitry is incorporated within the IC to 
; monitor the chip temperature and the actual power supply output volt- 
¢ Synchronization Output age. These circuits can disable the drive to the power transistor to pro- 
¢ On-Chip Reference Voltage - 5.1V tect both the transistor and, most importantly, the load from over-voltage. 
¢ Output Rise and Fall Times ~ 3ns As a result of the power DMOS transistor’s current and voltage capability 
; (5A and 60V), multiple output power supplies with total output power 
¢ Designed for 26V to 42V Operation capability up to 100W are possible. 
Applications 


Ordering Information 


PARTNUMBER | TEMPERATURERANGE | PACKAGE | 
HIPS062DY 0°C to +85°C 40 Pad Chip 
HIPS062DW 0°C to +85°C WAFER 


¢ Single Chip Power Supplies 


¢ Current Mode PWM Applications 
e Distributed Power Supplies 
e Multiple Output Converters 


Chip 
V+ (40) | (LJ (8) Vopp2 
TMON (39) Cy] (9) VCMP2_- 
IRFI2 (38) {|| || (10) PSOK 
IRFO2 (37) | IC | Lj} || (11) VREG2 
VINP (36) | {LTT 331} || (12) FLTN 
AGND (35) | [TE [C]) || (13) PSeN 
DGND (34) all []} | (14) sHaT 
XCKS (33) | LT] re 4 Le “TL || (15) SLRN 
CKIN (32) | | DY LL} || (16) SFST 
IRFI1 (31) | {II ‘(am LI! | (17) Vopp 
IRFO! (30) | |T | “L!! || (18) Vopa 
VCMP1 (29) | [| | (19) VREG1 
VTCN (28) ' WE (20) Voppi 
175 mils x 175 mils (4.44mm x 4.44mm) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3208 


Copyright © Harris Corporation 1992 
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Simplified Block Diagram 
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Specifications HIP5062 


Absolute Maximum Ratings Thermal Information 

DC Supply Voltage, V+.......... 0... eee e eee -0.3V to42V Thermal Resistance Junction-to-Case Bic 
DMOS Drain Voltage ........... 2 cee cee eee cence -0.3V to 60V (Eutectic Mounting to Heat Sink .......... 3°C/W Max 
DMOS Draln Current... .sc6.02446408 aa SNe Ae ek ew ee 10A 

DC: LOgiC SUPP: 54:0 pouddi hewn ne = bee aes -0.3V to 16V 

Output Voltage, Logic Outputs ................... -0.3V to 16V 

Input Voltage, Analog and Logic.................. -0.3V to 16V 

Operating Junction Temperature Range........... 0°C to +110°C 

Storage Temperature Range ................. -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics V+ = 36V, Channels 1 and 2, T, = 0°C to +110°C; Unless Otherwise Specified 


LIMITS 
SYMBOL PARAMETER 


DEVICE PARAMETERS 


TEST CONDITIONS 


Internal Regulator Output 
Voltage 


SFST Transconductance 
lvomp/((VREG - SFST) 


Voltage at VREG for FLTN to be 
latched 


Internal Clock Frequency XCKS = 12V, Vopp = 12V 


Vry CKIN External Clock Input Threshold %V oop 
Voltages 


DMOS TRANSISTORS 


DS(on) Drain-Source On-State | Drain = 2.5A, Vppp = 11V, 
Resistance Ty = +25°C 
| Ipss Drain-Source Leakage Current Drain to Source Voltage = 60V ed 
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Specifications HIP5062 


Electrical Characteristics V+ = 36V, Channels 1 and 2, T, = 0°C to +110°C; Unless Otherwise Specified (Continued) 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 


CURRENT CONTROLED PWM 


IViol VCMP Buffer Offset Voltage (VCOMP - 


Virro) 


IFRO = OmA to -5mA, 
VTCN = 0.2V to 7.6V, 
VCMP2 = 0.2V to 7.6V 


to 

Oo 
ca 

< 


Vr IFRO Voltage at IRFO that disables 
PWM. This is due to low load 


current 


lry IFRO Voltage at IRFO to enable SHRT 


output current. This is due to 
Regulator Over Current Condi- 
tions 


ISHAT SHRT Output Current, During VinFo = 7.7V 
Over-Current 


Vry SHRT Threshold voltage on SHRT to Vppp = 11V 
set FLTN latch 


lpeak (DMOSprainylinei Al (DMOSprain)/At = 1A/ms 


Rirri IRFI Resistance to GND liar) = 2MA 


Current Comparator Response Al (DMOSprain)/At > 1A/ps 
Time 
MCPW* Minimum Controllable Pulse 
Width 
MCPI* Minimum Controllable DMOS 
Peak Current 


START-UP 


ne) ' o> 
e| : ‘ | al | 

bt | 

fo) 

on 


—_ 
$4) 
i) 


oO to) 


ome, 
no 
on 
no 
an 
o 
=| 


EE 
on 


V+ Rising V+ Power-On Reset 26.3 


Voltage 


Falling V+ Power-Off Set 
Voltage 


V+ Power-On Hysteresis 


Vy PSEN Voltage at PSEN to Enable Vopp = 11V 
Supply 
IPSEN Internal Pull-Up Resistance, to 
Vppp 


Isest Soft-Start Charging Current Vsrst = OV to 11V 


PSOK High-State Leakage SFST = 11V, PSOK = 12V 
Current 


Vpsox PSOK Low-State Voltage SFST = OV, Ipsox = 1MA 


VTH SFST PSOK Threshold, Rising Vsest Vppp =11V 


—_ 
_— 
(ee) 


par wi} © no 
on alan wo 


THERMAL MONITOR 


TEMP* Substrate Temperature for TMON = OV 105 135 
Thermal Monitor to Trip 


* Determined by design, not a measured parameter. 
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HIP5062 


as) 
=] 
Oo 
o 
= 
GO 
= 
) 
= 
a 


PAD NUMBER 


DESIGNATION DESCRIPTION 
$2 Source pads for the channel 2 regulator. 
D2 Drain pads for the channel 2 regulator. 


This pad is the power input for the channel 2 DMOS gate driver and also is used to decouple the 
high current pulses to the output driver transistors. The decoupling capacitor should be at least 
a 0.1pF chip capacitor placed close to this pad and the DMOS source pads. 


VCMP2 Output of the second channel transconductance amplifier. This node is used for both gain and 
frequency compensation of the loop. 


PSOK This pad provides delayed positive indication when both supplies are enabled. 


VREG2 Input to the transconductance error amplifier. The other common input for both amplifiers is 
VINP, Pad 36. 


FLTN 


641, 4,7 


Vppp2 


= 
ine) 


This is an open drain output that remains low when V+ is too low for proper operation. This node 
and PSEN are useful in multiple converter configurations. This pad will be latched low when over- 
temperature, over-voltage or over-current is experienced. V+ must be powered down to reset. 


a4 
[o) 


PSEN This terminal is provided to activate the converter. When the input is low, the DMOS drivers are 


disabled. There is an internal 12K pull-up resistor on this terminal. 


SHRT 50/A is internally applied to this node when there is an over-current condition. 


SLRN Control input to internal regulator that is used during the “start-up” of the supply. In normal oper- 
ation this terminal starts at OV and shuts down the internal regulator at approximately 9V. This 
pad is usually connected to SFST, pad 16. 


SFST Controls the rate of rise of both output voltages. Time is determined by an internal 1A current 
source and an external capacitor. 
Vopp Voltage input for the chip’s digital circuits. This pad also allows decoupling of this supply. 


This is the analog supply and internal 12V regulator output usually used only during the start-up 
sequence. The internal regulator reduced to a nominal 9.2V when SLRN is returned to 12V. Out- 
put current capability is 30mA at both voltages. 


VREG1 Input to channel one transconductance error amplifier. The other, common input for both ampli- 
fiers is VINP, pad 36. 


This pad is the power input for the channel 1 DMOS gate driver and also is used to decouple the 
high current pulses to the output driver transistors. The decoupling capacitor should be at least 
a 0.1pF chip capacitor placed close to this pad and the DMOS source pads. 


D1 Drain pads for the channel 1 regulator. . 
S1 Source pads for the channel 1 regulator. 


VTCN Input to transconductance amplifier buffer for channel 1 only. Normally connected to VCMP1, 
pad 29. 
VCMP1 Output of the first channel transconductance amplifier. This node is used for both gain and fre- 
quency compensation of the loop. 


IRFO1 A resistor placed between this pad and IRFI1 converts the VCMP1 signal to a current for the cur- 
rent sense comparator. The maximum current is set by the value of the resistor, according to the 
equation: Ipeax = 16/R. Where R is the value of the external resistor in KQ and must be greater 


—_ 
hb 


a | os 
orn 


Vppa 


a 


Vopp1 


— 
o 


22, 23, 25, 26 


21, 24, 27 


nN 
(oe) 


NO 
ce) 


than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will 
be 8.8A. This assumes VCMP1 is 7.3V. Maximum output current should be kept below 10A. 


iJ) 


IRFI1 See IRFO1. 
CKIN Clock input when XCKS is grounded. 


a 
: 


HIP5062 


Pin Descriptions (Continued) 


Grounding this terminal provides for the application of an external clock to CKIN input terminal. 
For normal internal clock operation, this terminal may be left floating or returned to 12V. There 
is an internal 30K pull-up resistor on this terminal. 


DGND Ground of the DMOS gate drivers. This pad is used for bypassing. 
AGND Analog ground. 
VINP Internal 5.1V reference. This point is usually bypassed. 


Aresistor placed between this pad and IRFI2 converts the VCMP2 signal to a current for the cur- 
rent sense comparator. The maximum current set by the value of the resistor, according to the 
equation: Ipeax = 16/R. Where R is the value of the external resistor in KQ and must be greater 
than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will 
be 8.8A. This assumes VCMP2 is 7.3V. Maximum output current should be kept below 10A. 


See IRFO2 


This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By 
returning this pad to Vppa or 12V the function is disabled. Returning this pad to ground will put 
the IC into the thermal shutdown state. Thermal shutdown occurs at a nominal junction temper- 
ature or +120°C. This terminal is normally returned to ground. 


This is the main supply voltage input pad to the regulator IC. Because of the high peak currents 
this pad must be well bypassed with at least a 0.1pF capacitor. 
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Functional Block Diagram 
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a HARRIS HIP5063 


Power Control IC 


May 1992 Single Chip Power Supply 
Features Description 
¢ Single Chip Current Mode Control IC The HIP5063 is a complete power control IC, incorporating both the high 


istor level Sy tas 
* 60V, 10A On-chip DMOS Transistor eae a ae logic and low level analog circuitry on the 
*. Thermal Protection This IC allows the user maximum flexibility in implementing high fre- 


¢ 1MHz Operation - External Clock quency current controlled power supplies and other power sources. 


Output Rise and Fall Times ~ 3ns Special power transistor current sensing circuitry is incorporated that 
minimizes losses due to the monitoring circuitry. Over-temperature 
detection circuitry is incorporated within the IC to monitor the chip tem- 
perature. 


Simple Implementation of High-Speed 
Current Mode Controlled Regulators and 
Power Amplifiers 

As a result of the power DMOS transistor’s current and voltage capability 
(10A and 60V), power supplies with output power capability up to 100 
watts are possible. 


Designed for 10V to 45V Operation 


Applications 


e Single Chip Power Supplies Ordering Information 


e Current Mode PWM Applications 
PART NUMBER TEMPERATURE RANGE | PACKAGE | 
HIP5063DY 0°C to +85°C 21 Pad Chip 
HIP5O630W 0°C to +85°C 


¢ Distributed Power Supplies 


e Multiple Output Converters 


e Wideband Power Amplifiers for Motor 


Control 
i 
— 
Chip Fe = 
2: <«<ozx“~aaZ o 2 On 
S es7e83eiace? g ) 
> SsstoorFeaet a jo 
= SHSSestEsSetE > 
Oo wi 
us 
co 
Oo. 
(12) Vppp ; 
Vpop (21) 

sc an ew Fo fF FF BF 

SS SS SS cS SS 

ao 7 aA a Yo” aA 

NOTE: Unused pads are for trim and test. 

122 mils x 126 mils (3.1mm x 3.2mm) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3209 
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HIP5063 


Simplified Block Diagram 
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TYPICAL SEPIC APPLICATION CONFIGURATION 


Functional Block Diagram 
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EXTERNAL CURRENT SCALING RESISTOR 
lpEak(DMOS DRAIN CURRENT) = 4500 x Inc (mA) 
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Specifications HIP5063 


Absolute Maximum Ratings Thermal information 

DMOS Drain Voltage .......... cece eee eee ee -0.3V to60V Thermal Resistance Junction-to-Case Bie 
DMOS Drain’ Curent wien es 2 Ge eto ohn wn tee odes ee 20A (Eutectic Mounting to Heat Sink .......... 3°C/W Max 
DG Logie SUDDIVie << 20 hos aiid cohen manee haar -0.3V to 16V 

Output Voltage, Logic Outputs ................... -0.3V to 16V 

Input Voltage, Analog and Logic.................. -0.3V to 16V 

Operating Junction Temperature Range........... 0°C to +110°C 

Storage Temperature Range ................. -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics Vpps = Vppp = Vppp = 12V, Ty = 0°C to +110°C; Unless Otherwise Specified 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | min | tye | Max | UNITS 


DEVICE PARAMETERS 


DMOS TRANSISTORS 


DS(on) Drain-Source On-State Resis- | Drain = 5A, Ty = +25°C ei Se 
tance 
ae ee 


Drain-Source Leakage Current Drain to Source Voltage = 60V 


CURRENT CONTROLLED PWM 


= 
So 
oO 
| 


IViol mV 


VCMP 


Buffer Offset Voltage IRFO = OmA to -5mA, 
(VCMP - Viggo) VCMP = 0.2V to 7.6V 


Ipeak (DMOSprain/inri Al (DMOSppain)/At = 1A/ms | 38 | 
IRFI Resistance to GND lpg) = 2MA 


Current Comparator Response Al (DMOSppain)/At > 1A/ms 

Time 

Minimum Controllable Pulse 25 
Width 


_— 
ye) 
Nn 


A/mA 


= 
a) 


Rirei 360 


w 
oO 


io) 


MCPW"* 


MCPI* Minimum Controllable DMOS 200 400 800 


Peak Current 


CLOCK 


Vry CLOCK CLCK Input Threshold Voltage 


Vry FLLN FLLN Input Threshold Voltage 


FLLN Pull-Up Current VFLLN = OV -70 


ch 
o 


TELLUN -30 


EE 


THERMAL MONITOR 


TEMP* Substrate Temperature for 


Thermal Monitor to Trip 


TMON pin open 105 


ILEAK COOL COOL Leakage Current Veoot = 12V 


COOL Low-State Voltage coo, = 2MA, Ty > +125°C 


fo) 
oo 


Vecoot 


* Determined by design, not a measured parameter. 
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Specifications HIP5063 


Pin Descriptions 
PAD NUMBER DESIGNATION | DESCRIPTION 

this terminal. The buffer output is the IRFO terminal. The external error amplifier may be either 
an operational amplifier or a transconductance amplifier like the CA3080. This node may be used 

This is the analog supply input. An external 12V supply is required. 

Voltage input for the chip’s digital circuits. 
the terminal to be floated or be left open. With FLLN high, (open or tied to Vppp), the ON cycle 
will start wiith the falling edge of the CLCK input. With FLLN low or grounded, the DMOS ON 


1 VCMP This is the input terminal from an external error amplifier. A MOS input voltage follower buffers 
for both gain and frequency compensation of the control loop. 
One pad of two clocking terminals. This terminal has an external 501A pull-up current that allows 
cycle will start on the rising edge of the CLCK input. 


The other clock input pad. An external clock is applied to this terminal. This terminal has no pull- 
up current or resistance. See FLLN above for phasing information. 


Over-temperature indication is provided at this pad. When the chip temperature is below the ther- 
mal threshold, the open drain DMOS transistor is in the high impedance state. When the thermal 
threshold is exceeded, COOL is held low. 


This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By 
returning this pad to Vppa or 12V the function is disabled. Returning this pad to ground will enable 
the thermal monitor function. Thermal threshold occurs at a nominal junction temperature of 

+125°C. 


A resistor placed between this pad and IRFI converts the VCMP signal to a reference current for 
the current sense comparator. The cycle by cycle peak current is set by the value to this resistor 
according the the equation: Ipeax = 4500 x VCMP/R. Where Ipeax is in amperes and R is the 

value of the external resistor in ohms. A maximum VCMP of 8V and a resistor of 1800Q will keep 
the drain current below the absolute maximum specification of 20A. 


These pads are used to decouple the high current pulses to the output driver transistors. The 
capacitor should be at least a 0.1pF chip capacitor placed close to this pad and the DMOS 
source pads. 


Drain pads of the DMOS power transistor. 


14, 16, 18, 20 
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Soir HIP5500 


ADVANCE INFORMATION High Voltage IC 


May 1992 Half Bridge Gate Driver 
Features Description 
e 500V Maximum Rating The HIP5500 is a high voltage integrated circuit (HVIC) half-bridge 


gate driver for standard power MOSFETs, IGBTs, and the new 


* Ability to Interface and Drive N-Channel Power Harris Buffered MOSFETs. It can be employed in a wide variety of 


Devices switching regulator circuits. 

= Complimentary Outputs jor. Sultered tris While the HO and LO outputs drive the MOSFETs main gate, the 
¢ Fault Output inverted HO and LO outputs drive the turn-off device within the 
. New Harris Buffered MOSFETs. The use of Buffered FETs pro- 
¢ Over 300KHz Oscillator Range vides for faster turn-off of the power devices with a resulting reduc- 

¢ Adjustable Deadtime Control tion in switching losses. 
¢ Softstart Capability The HIP5500 incorporates a precision oscillator, adjustable through 
choice of an external resistor and capacitor. The resistor sets the 
¢ Undervoltage Holdoff capacitor charging current and the capacitor sets the integration time 
¢ Low Current Standby State of a triangle wave. A second resistor connected to the DIS pin adjusts 
the fall time of the triangle wave, which can be tailored to the applica- 
¢ Overcurrent Detection tion. An internal 1/3 - 2/3 comparator regulates the triangle-wave min- 
* Sleep Mode imum and maximum inflection points. The result is a 50% duty-cycle 


waveform, half of which turns on the upper half of the half-bridge and 
half which turns on the lower half. 


. . SD, short-detect, and SS, soft-start, inputs provide alternative 
Orderi ng Information means for regulating the duty cycle below 50% symmetrically for 


TEMPERATURE both half cycles. A capacitor on the SD input will begin charging up 
RANGE once the EN input is made high and no “under-voltage” condition 


exists. This will cause the duty cycle of each half-cycle to begin at 


~aminimum and ramp up to a maximum (ie 50% each half cycle). 
-40°C to +125°C The SD input can be used to sense current, providing a means of 
shortening the duty cycle even below that imposed by the SS 


input. 


Special circuits in the HIP5500 are included to “match” upper and 
lower turn-on and turn-off times so as to minimize flux imbalance 
when driving transformer loads. 


ty 
B > 
co 
On 
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Pinout 
20 PIN PLASTIC DIP 24 PIN SOIC (WIDE BODY) 
TOP VIEW TOP VIEW 


DIS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 321 0 
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HIP5500 


Typical Application Block Diagram 
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Specifications HIP5500 


Absolute Maximum Ratings Thermal Information 

Offset Supply Voltage, Vg.. 1.0.2... eee eee eee ee eee -Vasto500V Thermal Resistance 65. Bia 

Floating Supply Voltage (Vp to Vg)........ eee ee eee -0.3 to 16V Plastic DIP Package ..............4. 68°C/W 85°C /W 

High Side Channel Output Voltage, Vio,VNHo --- Vs-0.5 to Vg+0.5 Plastic SOIC Package............... 80°C/W X°C/W 

Fixed Supply Voltage, Voc... . ee eee cee eee eens -0.5to 16V —_ Linear Derating Factor (OW at Ty = +125°C) 

Low Side Channel Output Voltage............. -0.5 to Voco+0.5V Plastic DIP Package: «sas ce85 saSewiws sa ean vaws 15mW/C 

All Other Pin Voltages Plastic SOIC Package... ....... ccc cece cece eens 13mW/C 
(SD, RT, CT, DIS, SS, EN and FLT)........... -0.5 to Voc 0.5V 

Storage Temperature Range ...............6. -40°C to +150°C 

Junction Temperature. ...... 0.0... cece ce cee eee ees +125°C 

Lead Temperature (Soldering 10s)..............00000- +300°C 

Offset Supply Maximum dv/dt, dVc/dt .............-006. 50V/ns 

ESD: ClaSSiliCaniOn cies sink wate d wad wee dees eee east w Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions (7, =0°C to 125°C Unless Otherwise Noted, All Voltages Referenced to Vsg Unless Noted) 


Offset Supply Voltage, Vg........ ee eee eee eee -2.0Vto400V Discharge Rg, * C, Product.............. 2 cee eee 100ns Min. 
Floating Supply Voltage, Vas (Vp tO Vs)... 0. ee ee ee eee 10 to 15V Discharge Resistor Range, Rg, ............65- 100KQ to 50KQ 
High Side Channel Output Voltage, Vio, VNHoO +++ e ee eee Oto Vas Charging Resistor Range, Ry ..............06. 6.8KQ to 400KQ 
Fixed Supply Voltage, Voc... cece eee eee eee eee 10to15V Oscillator Capacitor Range. Cy..............4.. 100pF to 0.1p1F 
Low Side Channel Output Voltage, Vio,Vyio «.- eee eee OtoVec Oscillator Frequency Range...............eee eee 300kHz Max. 


All Other Pin Voltages (SD,RT,CT,DIS,SS,FLT and EN)...... OtoVece Oscillator Capacitor Charge Current Range, Ip7...... 21pA to TBD 


Static Electrical Characteristics Vo¢ = Vas = 10V to 15V, GND = OV and T, = 0°C to +125°C, Unless Otherwise Specified 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | omin | typ | MAX | UNITS 


Short Detect Threshold 


Led 
Oscillator Capacitor Charge Int = 100HA, Vec/3 < Vez < 2/38Vec PF 100 cat 
Current 


Drive Output Low Level Isink = 67MA 
Drive Output Sourcing Current | LO, HO Tied Low : 
pt Drive Output Sinking Current LO, HO Tied High 


IBurt Drive NOT Output Sourcing LO, HO Tied Low 200 mA 
Current 

lBuF- Drive NOT Output Sinking LO, HO Tied High 200 
Current 
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Specifications HIP5500 


Dynamic Electrical CharacteristicS Vcc = Vgs = 10V to 15V, GND = OV and T, = 0°C to +125°C, Unless Otherwise Specified 


| LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 


DRIVE CHANNEL (HO AND LO) 


[we [Twnonnietine fase CdS 
[a [Tunorrartine [exceed id i 


DRIVE NOT CHANNEL (HO AND LO) 
| tdnr ‘| Turn-On Rise Time Cour = 200pF ee | 
| tdnf | Turn-Off Fall Time Cayr = 200pF poe 


ee ee 
ee 

Short Detect Propagation 

Delay 

Oscillator Frequency % 

Tolerance 

toTMIN Minimum Dead Time Rdis e Cr = 100ns, Ry = 120K, 150 270 
Voc = 12V 

it G8 oe 
Beas 
Al Sal Ee 


topuF BufferFET-Off to MainFET-On | C, = 2000pF, Cgyr = 200pF 
Delay Time 
Oscillator Output Buffer Delay 70 
Time 
tsspLy Soft-Start Propagation Delay 
Time 
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HARRIS ICL7644, ICL7645 
— ICL 7646, ICL7647 


May 1992 Low Voltage Step-Up Converters 
Features Description 
¢ +5V at 40mA From a 1.5V Source The ICL7644, ICL7645 and ICL7646 are low power fixed 


+5V output step-up DC-DC converters designed for 


eeoM at ISO Eronva eV s0uice (see ane) operation from very low input voltages. All control functions 


e Guaranteed Start-up at 1.15V and a power FET are contained in the ICL7644, ICL7645 
* Standby Mode 80A Quiescent Current and !ICL7647, minimizing external components. The 
ICL7646 contains an output pin to drive an external FET 

¢ Low Battery Indication when higher output currents are required. A control pin 
¢ Power Ready Function changes between high power and low power standby 
; modes. Standby mode allows operating for extended periods 

¢ Shutdown Feature 5A Max Quiescent with minimum battery drain, and a power ready function is 
¢ Pin to Pin Compatible to MAX65X Series available for controlling external devices when the device is 


switched between standby and high power. In high power 
mode, the output current is approximately 40mA; in standby 
mode, it is about 500pA. 


Efficiency 75% at 1.2V Input 


Applications 
PP Minimum startup voltage is 1.15V, but once started the 


¢ Battery Powered Devices device will operate to lower voltages as the battery 
discharges. A separate low battery monitor is available; it 


e Single Cell Instruments 
2 can be used at its default value of 1.17V or may be adjusted 


¢ Solar Powered Systems by the designer to any higher voltage. 
¢ Pagers and Radio Controlled Receivers The ICL7644, ICL7646 and ICL7647 are optimized for single 
¢ Portable Instruments cell (1.15V to 1.6V) battery operation and can also be used 


with input voltages up to 4.0V. The ICL7645 is designed for 
two cell (or single lithium cell) operation with typical battery 
voltages of 2.0V to 3.6V. The ICL7647 is identical to the 
ICL7644 except its output voltage is preset to +3V. The 
ICL764X series of products also offer a shutdown feature. In 
the shutdown mode the quiescent current is less than SpA. 


e 4-20mA Loop Powered Instruments 


Ordering Information 


[xin [a [ce 
NUMBER RANGE PACKAGE 


Pinouts 


ta 
B= 
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On 
- 
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fe 
wus 
cro 
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ICL7644, ICL7645 & ICL7647 ICL7646 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2781 2 
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Specifications ICL7644, ICL7645, ICL7646, ICL7647 


Absolute Maximum Ratings 


Peak Voltage at LX1 Pin... ..... 0... eee eee ee eee ... +16V 
Peak Voltage at LX2 or Voc Pin... ee eee eee eee +6.6V 
Supply Voltage to Lissa sce thea wens cduneees +15V 
Supply Voltage to L2, Vog 1. eee cee eee ee eens +5.6V 
Peak CUument, UX4 aici ocadutst ewes eae ees 50mA 
Peak CuIent, CXS 255.546 ae es tale ee eins Gheu ees 1.6A 
LBO Output CUInent sco vise dee ktagsGeus en te swede 50mA 
Input Voltage, CTL, LBI (See Note) .......... -0.3V to (V* +0.3V) 


Storage Temperature. .......... 00. c ec eee ees -65°C to +160°C 
Lead Temperature (Soldering, 10 Sec)................. +300°C 
Power Dissipation: 
Plastic DIP (Derate 10mW/C above +70°C)........... 800mW 
SOIC (Derate 8.7mW/C above +70°C) ...........06. 695mW 


NOTE: V* is generated at LX1. In low current mode, it is 4.5V to 5.6V 
(2.6V to 3.6V on ICL7646); in high current mode, it is 10V to 
15V. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range: 
ICL 7B4XO XM as SG. bade Wee ReRS CORY eae 0°C to +70°C 


ICL 1 G4XIKK scan eigen mae Meee Reeags -40°C to +85°C 


Electrical Specifications 1CL7644, ICL7646, ICL7647 (GND = OV, Vparq = 1.2V, Ts = 25°C, Unless Otherwise Specified.) 


Output Voltage 
ICL7647 
Minimum Input Voltage to LX1 
Minimum Startup Voltage to LX1 
Input Voltage to LX2 

Peak LX2 Switch Current 
Standby Current 

Switching Frequency 

LX2, D Switch Duty Cycle 


LX2, D Switch On Time 


LX2 On Resistance 


D Output Saturation Current 


Low Battery Input Threshold Voltage 
Low Battery Input Threshold Tempco 


Low Battery Input Bias Current 


Low Battery Output 


Power Ready 


CTL Input Threshold 


Efficiency 
NOTE: 
1. Not tested, guaranteed by design and characterization. 


* Commercial Temperature Range = 0°C to +70°C 
Industrial Temperature Range = -40°C to +85°C 


PARAMETERS SYMBOL TEST CONDITIONS 


ICL7644, ICL7646 T,=OverTemp.* | 4.5 


a Cece 
ra 


_ MIN 
eee 
| 27 | 
ee 
Lee 
re ee 
eal 
Est 
Lees 
eee 


<a 
vem 
= 


ICL7646, Source Sink (Short Circuit 
Current) 


Vist > 1.18V, lLBo = -1pA 


1.12 
mie 
eae 
— 
cm 
gf rin 
[Fatowimewwa «dt 
SRRTEANENE HER 
[SeAiooetona 


LIMITS 
TYP 

5.0 5.5 

3.0 


UNITS 


Ta = Over Temp.” 2.7 


1.5 


4 
re 


15.5 


(oe) 
Le) 
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oi C on © | 


>i > 
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0.67 


1.18 
mv/°C 


Pp] 


x 
|<] <|<|-]=/8}<{3]3]ela[= j : : 51|<|<|<]<]<]§ 


vet 
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Specifications ICL7644, ICL7645, ICL7646, ICL7647 


Electrical Specifications 1CL7645 (GND = OV, Vpart = 2.4V, T, = +25°C, Unless Otherwise Specified.) 


Minimum Input Voltage to LX1 
Minirnum Startup Voltage to LX1 I, = OWA (Note 1) 
Input Voltage to LX2 


—_ 
nn 


NO 
> 


38 


1. Not tested, guaranteed by design and characterization. 


* Commercial Temperature Range = 0°C to +70°C 
Industrial Temperature Range = -40°C to +85°C 


Functional Block Diagram 
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ICL7644, ICL7645, ICL7646, ICL7647 


Pin Description 


PIN NUMBER 


ICL7644, 
ICL7646 


ICL7645, 
ICL7647 


SYMBOL 


VReF 


power mode. 


C*SD 


Low Voltage Step-Up Converters 
Operating Principle 


The ICL7644, ICL7645, ICL7646 and ICL7647 are flyback, 


or boost converters: energy from the battery is first stored in 
a coil and then discharged to the load. Essentially, the circuit 
consists of a battery in series with a coil, a high power FET, 
rectifier, and filter, as shown in Figure 1. When the switch is 
closed, current builds up in the coil, creating a magnetic 
field. During the second half, or flyback part of the cycle, the 
power FET opens, the magnetic field collapses and the volt- 
age across the inductor reverses polarity, adding to the volt- 
age of the battery and discharging through the rectifier into 
the load. 


The switch is controlled by a constant frequency oscillator 
whose output is gated on and off by a comparator that moni- 


FUNCTION 


pe | Output drain of high power N-channel MOSFET. 
=m Connect to battery positive terminal. 


Output of low power up converter; 10 to 15V in high power mode. 4.5V to 5.5V in 
standby mode. 

Output of low power up converter. 10 to 15V in high power mode. 2.6 to 3.6V in standby 
mode. 


Internal Connection. Leave this pin unconnected. “Do not ground” 
Low power ground. 


1.295V bandgap reference output; should be decoupled with a capacitor to pin 7. This 
terminal is high impedance and cannot source or sink current. 


Low battery monitor output. Sinks 1.6mA when LBI is less than 1.17V, otherwise 
sources 1p1A from V+. 


Low battery monitor input. Very high input impedance. 
*Shutdown pin. Allows user to turn part off by grounding pin 8. 
Output (drain) of low power N-channel power driver. 


+5V (+3V on ICL7647). Feedback (input) pin for high power operation; output pin in 
standby mode. 

Power ready output; high (+5V on ICL7644, 7645, 7646; +3V on ICL7647) when high 
power converter is ready to supply power. 


12, 14 HP, GND High power ground. 


Control mode switch input; open circuit or high for standby mode, ground for high 


Driver output to external FET. Output voltage swings from GND to Voyr. 


tors the output voltage. When the output voltage is above the 
comparator threshold, the power FET skips an entire cycle 
of the oscillator. This pulse skipping technique varies the 
average duty cycle to achieve regulation, rather than varying 
the period or duty cycle of each cycle of the power FET; it 
eliminates a number of linear circuits that would otherwise 
add both circuit complexity and quiescent operating current. 
The key to operating CMOS circuitry from a 1V supply 
depends on a technique called bootstrapping. A specially 
designed oscillator starts itself up on a very low voltage and 
builds up (or bootstraps) a higher voltage that in turn is used 
as the supply for further operation. This supply yields higher 
efficiency because the bootstrapped voltage drives the gate 
of the internal power FET transistor to lower on resistance. 
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When power is first applied, the circuit is very inefficient (for 
the first cycle) until a higher voltage is generated on the fly- 
back half of the first cycle. This higher voltage is rectified and 
filtered, and powers the whole IC (and thus the oscillator) for 
the next cycle. Since each cycle generates a higher voltage 
for the next cycle, the voltage builds up very rapidly. An inter- 
nal! regulator limits the voltage to about 12V. The load for this 
supply is only the CMOS chip itself, so the requirements for 
the components, particularly the external inductor L1, are 
very broad. This voltage is brought out to the V+ pin and is 
connected to a tantalum capacitor for filtering. 


This bootstrapped 12V drives an internal N-channel power 
FET that furnishes the switching power for the load. Since 
the gate of this FET is driven from a 12V supply, it has a very 
low on resistance and can efficiently switch high currents 
through a second inductor, L2. It is the power stored in this 
second inductor that is delivered to the 5V load via an 
external Schottky diode. The rectified and filtered 5V output 
is connected back to the OUT pin to provide feedback. The 
ICL7644/7645/7646/7647 thus has two separate switching 
circuits and uses two separate inductors. 


Circuit Details 


A typical application circuit is shown in Figure 2. The higher 
value inductor, L1, is typically 4.7mH, and may have fairly 
high losses. It is used for the low power section of the circuit 
and is rectified by an internal diode and routed to pin 2, V+, 
where it is filtered by an external capacitor, C1. The second 
inductor, L2, varies from 39,1H to 500uH, depending on input 
voltage and load current. It must have low series resistance 
and sufficient core material to handle the load power without 
saturating. The inductor is connected to pin 1 (LX2), the 
drain of the Low Power FET, and is rectified by an external 
Schottky diode, D1, and filtered by an external capacitor, C2. 
This is the main +5V output (+3V on the ICL7647), and it is 
connected to OUT, pin 10, which is the feedback input in 
high power mode. Figure 3 shows a similar circuit for the 
ICL7646 using an external FET for higher power output. 


Low Power Standby Mode 


A control pin (CTL) is available for putting the device into 
standby mode to conserve power. When this pin is held low, 
the IC operates in the high power mode, if it is driven high or 
left open the following occurs: the POWER READY (PR) pin 
is driven low, the high power FET is gated off, the 12V (V+) 
switching supply is reduced to 5V (+3V on the ICL7647) and 
is connected to the Voyr pin. 


By lowering the internal 12V supply to 5V, the leakage 
currents of the CMOS circuits and the losses associated with 
its voltage reference and oscillator are reduced to a 
minimum. The internal low power 5V supply can furnish up 
to 500u/A, and it is connected to the normal 5V output pin 
(OUT) to supply current to the load, keeping alive standby 
circuits. 


Power Ready Output Pin 


During initial start up (and when placed in standby mode), 
the ICL7644/7645/7646/7647 internal voltages are too low to 
drive the power FET efficiently. A separate comparator 
determines when this voltage has reached a high enough 
value to drive the FET. The output of this comparator gates 
the FET drive voltage. This scheme extends battery life in 
standby mode and prevents the power FET from stalling 
when switching to high power mode. The comparator output 
is also brought out to the POWER READY (PR) pin and can 
be used to control external circuits, further reducing battery 
drain. 


ICL7644 
GND !CL7645 
ICL7647 


v+ £2 


HP GND 


LBO Ic See Table 1. 


For L2 Inductor 
Part Numbers 


PR SD 


L1-TOKO 
Part Number 
187LY-472 NC 


FIGURE 2. ICL764X TYPICAL APPLICATION 


SEE TABLE 1. 
PR_ SD] FoRL2 INDUCTOR 


5 PART NUMBERS 
L1-TOKO 


PART NUMBER 
187LY-332 NC 


* Pin 8 used on 7646 series only 


FIGURE 3. ICL7646 TYPICAL APPLICATION 
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Start Up and Mode Considerations 


The ICL7644/7645/7646/7647 may be started up in either the 
low power (standby) or high power mode. When starting in the 
high power mode, both the low power switch and the high power 
switch start immediately. Whether or not the load is connected, 
the output voltage will rise to 5V in the first few cycles. The OUT 
pin becomes an input for feedback to control regulation. 


If the high power load (greater than about 500A) is connected 
to the OUT pin and the device is placed in the low power mode 
(CTL pin driven high or left open), the low power oscillator will 
have to furnish all of the 5V power via the OUT pin, and the low 
power oscillator will stall. It is, therefore, important to discon- 
nect any load currents (greater than 500A) whenever the 
low power or standby mode is selected. The POWER 
READY (PR) pin may be used to disconnect the load via an 
external transistor. This way the mode and connection of the 
high power load are both controlled through the CTL input. 


Input Filtering 


It is important to limit the rate of rise of the battery voltage 
when the circuit is first turned on with a mechanical switch or 
the installation of the battery(ies). A simple R-C network made 
up of the battery internal resistance and a 10uF tantalum 
capacitor placed at the battery side of L2 input is sufficient for 
this purpose. This capacitor also helps to absorb the (rela- 
tively) high peak currents that are drawn from the battery in 
the high power mode. 


Output Filtering 


It is also important to limit the speed at which V+ decreases to 
5V when the mode is switched from high power to standby. 
This is accomplished by putting a 22uF capacitor between the 
V+ and OUT pins. Also, a 220uF capacitor placed on the OUT 
pin provides both filtering and serves to hold up the 5V during 
the switchover period. Without these capacitors, the 5V may 
spike negatively during the switchover. 


Low Battery Function 


A completely independent low battery monitor is built into the 
ICL764X series. Its input (LBI) is the + input of a CMOS com- 
parator whose - input is connected to the internal 1.17V band- 
gap reference. This input can be connected directly to the bat- 
tery in single cell circuits or connected to a high resistance volt- 
age divider for higher voltage monitoring. The output (LBO) can 
sink 1.6mA or source several microamperes from V+. 


Shutdown Function 


The ICL764X series is equipped with a shutdown feature. 
Pin 8 is used to power the part down. During shutdown the 
part draws less than 5u.A quiescent current. The part can be 
shutdown by grounding pin 8. 


Inductor Selection 
Low Power Coil 


The choice of the low power inductor, L1, is not critical. A 4.7mMH 
coil with a DC resistance of less than 40Q is adequate for most 
applications. In general, higher inductance values allow lower 
start up voltages, while lower resistances yield lower quiescent 


current in standby mode. If the inductance is made too high, the 
low power (V+) output voltage and current are reduced. This in 
turn reduces the efficiency of the power section, so the +5V out- 
put (in standby mode) supplied less current. Lower values of 
inductance raise the minimum start up voltage. 


High Power Coil 


The high power coil, L2, must store most of the energy that 
flows into the load. Accordingly, it should have a powdered 
iron or ferrite core and should have low resistance to mini- 
mize losses. It also must have an adequate current rating to 
prevent saturation. 


Calculating the worst case inductor for the high power section 
(LX2) of the |CL7644/7645/7646/7647 is a two step process: 


1. Determine the smallest inductor value that will not cause 
the circuit to exceed the peak current rating of the ICL7644/ 
7645/7647 with the highest expected input voltage (Vinay), 
the longest on time (tonmax), and the lowest total resistance 
(Rimin))- Ramin) is the sum of the minimum coil and FET 
resistances. Note that this peak current relates to the induc- 
tor and the FET switch and is several times the load current. 


The following example assumes the minimum frequency 
forminy and the maximum % ON max) for the calculation of ton. 
max): Although the calculated value for tonmaxy iS above that 
specified in the electrical characteristics table (49ys), the illus- 
tration is still a valid one that yields a worst case minimum 
inductor value. 


NOTE: Units with both forminy) and Yoon max) Values near the ends of 
the allowed distributions will be rejected for ton(max)- 


From the Electrical Characteristics table: 
Ipk LX2 = 1.5A 
Rpson(MIN) = 0.42 
fo(MiN) = 15.500Hz 
Duty Cycle Maximum, %ON max) = 0.8 
then: 
ton(MAX) = %ON (maxyformin) = 0.8/15500 = 51 .6us 
Assume that the minimum coil resistance. Rcoy_(miny is: 
Reoi(min) = 0.12 
The minimum total resistance, Rainy is: 
Riminy = Rosonqminy + Rooiqiny = 0.4 + 0.1 = 0.50 
then: 
VIN(MAX -Rminy X ton(maxy Lain 
inexiene— x| 4-8 (MAXy ] 
Rimin) 
Or: 
-R«miny ton(mMax) 
In [1 -Rowiny X !pk/Vinamaxy)._| 


For a maximum input voltage of 1.56V (single alkaline cell), 
and a minimum coil resistance of 0.1, the minimum permis- 
sible inductance for the ICL7644/7645/7647 is 39.37p1H. 


Liminy (HH) = 
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2. Having determined the minimum inductance (Liyjn)) that 
keeps the peak current below the individual component 
ratings, we next calculate a new peak current (I’px) using the 
highest resistance (Rimax)), the lowest input voltage 
(Vin(miny) and the shortest on time (toncminy). Using these 
parameters, we will calculate the minimum available output 
(DC) current. 


From the Electrical Characteristics table: 
Roson(max) = 9-672 
fo(Max) = 24kHz 
Duty Cycle Minimum, “onmin) = 0-66 
then: 
tON(MIN) = %ON(MIN)Ao(maxy = 0-66/24000 = 27.5us 
Assume that the maximum coil resistance, Roo (max) Is: 


Rcolt(Max) = 0.15Q 


The maximum total charging resistance, Riax) is: 


Rimax) = Rosoncmax) + Reoit(max) = 0-822 
At the end of the ON period: 


ox = ViN(MAX) . te MAX) X toncminyL in) 
R max) 
The energy stored in the coil is: 
Leminy Xl’ pK? 
Eco = a 


And the power put into the coil is: 


Poor = fo(max) X Ecol 


= Lin Xl’px? x fomax) 
2 


The minimum DC output current, loyr, is: 


PloaD = Poot - Poss 


lOUT(MIN) = aa on ane 
VLoAD Vout(Max) + Vpiope > Vin(MiN) 


Poot - px? x (Reoimaxy3) x (1 - %ONminy) 
Vout(MaAx) + Vpoiope ~ Vin(MIN) 


Using a 47 + 10% LH coil with a resistance of 0.15Q, an input 
voltage of 1.1V, and the worst case highest output voltage of 
5.5V. The calculated minimum DC output current is 32mA. 
This assumes a 0.3V forward drop in the 1N5818 diode. 


When selecting a coil, care should be exercised to insure 
that the minimum inductance value, including all the 
manufacturing tolerances, is never lower than the calculated 
inductance, or the peak current rating of LX2 may be 
exceeded. In addition, the current rating of the coil should be 
greater than the peak current used in the calculation (1.5A, 
normally), to avoid saturating the core. 


If the worst case output current is too small, then either the 
minimum input voltage must be increased or the maximum 
input voltage should be decreased. It is always desirable to 
decrease the ratio between maximum and minimum input 
voltages. The coil resistance also has a significant effect on 
the output current, so selecting a lower coil resistance will 
increase the output current and increase the overall 
efficiency. 


If no satisfactory value of inductance can be found for the 
desired current, the ICL7646 may be used with an external 
FET whose peak current exceeds 1.5A. The calculations are 
similar for the ICL7644 except the external FETs Rposon and 
current rating should be substituted in the above equations. 


If the worst case output current is significantly higher than 
the required load current, a higher inductance value may be 
used. This will tend to reduce the peak current and the ripple 
voltage. Be sure to adjust the coil resistance and recalculate 
all the values. 


When the maximum battery voltage exceeds 1.65V, the 
ICL7645 should be used. Calculations for the ICL7645 are 
identical to the ICL7644 calculations, except that different 
values must be used for the maximum and minimum duty 
cycles. 


In general, if a choice of batteries is available, higher input 
voltages are preferred for two reasons. First, as the input 
voltage approaches 1V, the load on the battery increases 
while the losses increase. The losses become so dominant 
that efficiency suffers and little output current can be 
maintained. Second, certain losses, such as the coil 
resistance and the FET on resistance are less significant 
with higher input voltages. This means not only higher 
efficiency, but a greater range of input voltages are tolerable; 
this in turn means that more of the chemical energy can be 
converted into electricity. For example, three NiCd cells, with 
a fully charged voltage of 4.05V, may still be used down to 
1.1V (with about 5mA of 5V output current), far beyond the 
normal life expectancy. 


The inductance values for commonly encountered battery 
operated power supplies are tabulated in Table 1. 
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TABLE 1. MINIMUM INDUCTANCE FOR COMMON BATTERIES 


2 Alkaline (ICL7644) 


* Coils are from Toko. Inductance (1H) is the MINIMUM allowed for the listed battery voltage range (Battery Voltage: MIN, MAX). Lower 
values are not recommended, except when using the 7646 converters since they use an external MOSFET. If less current than listed in 
the Output column is needed, a higher inductance coil will reduce losses. The optimum inductance varies inversely with required output 


current if all other conditions are unchanged. 


** These ICL7646 circuits use an external current switch. Peak switch current is typically 3.5A. 


Capacitor Selection 


The high current fast rise-time pulses associated with switch- 
ing power supplies demand good grounding and bypassing 
techniques. The ICL7644/7645/7647 have 3 ground pins to 
improve grounding. In addition, the internal voltage reference 
is brought out for connection to an external 1nF capacitor, 
minimizing noise and modulation on the reference. 


The two output voltages, V+ and +5V should be filtered with 
tantalum capacitors, or other capacitors with low effective 
series resistance, to minimize transients. If aluminum elec- 
trolytic capacitors are used, they should be paralleled with 
0.1pF disc ceramics. 


Selecting Low Power Switching Diodes 


The 1CL7644/7645/7646/7647 use one external diode, and 
this diode must be a Schottky. A common Schottky type that 
performs well is the 1N5818. 


In applications where standby current must be minimized, 
the diode’s reverse leakage characteristics are especially 
important. The 1CL7644/7646/7647 (40uA for the ICL7645) 
standby current is typically 801A, while the reverse current of 
some Schottky rectifiers can exceed this value, particularly 
at high temperature. If necessary, diode leakage can be 
reduced with higher voltage Schottky types such as 1N5817. 
If standby mode is not used or is used only for short periods, 
then diode leakage is not a significant additional loss 
compared to the normal load current and need not be 
considered. 


Rectifier Selection 


The ICL7644-7647 use one external rectifier. To achieve 
specified performance at low voltage, a Schottky type, such 
as the 1N5818, is recommended because it combines low 
forward voltage drop with fast switching speed. This 
maximizes power conversion efficiency and output current 
when the DC-DC converter is in high power mode. One 
drawback of Schottky rectifiers is relatively high reverse 
leakage current (at 5V reverse, 1N5818 leakage is typically 
6OnA at +25°C and 450nA at +75°C), which is quite large 
with respect to the circuit’s quiescent current in standby 
mode (typical standby current ICL7644/7646/7647 and 
ICL7644/7646/7647: 80nA, ICL7645: 40nA). If standby 
mode is not used or used only for short periods, reverse 
leakage is not a significant additional loss compared to the 
normal load current, and need not be considered. 


If quiescent operating current is a primary concern, or if the 
ICL7644-7647 spends most of its time in standby mode, a 
silicon rectifier such as the 1N4933 or Unitrode UES1001 
may be preferred. Silicon rectifiers have less reverse 
leakage current than do Schottky rectifiers (1N4933 leakage 
current is typically 1A at +25°C and 50uA at +100°C). In 
circuits where the standby mode is the predominant mode of 
operation, battery life may be extended by trading 
conversion efficiency for lower standby quiescent current. 
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Output Current vs. Input Voltage 


Figures 4 through 7 show output current versus input voltage 
using typical inductor values for each part in the ICL7644- 
7647 series. Where curves end in the middle of the graphs, 
the peak current limit of the internal LX2 switch has been 
reached. A higher input voltage than indicated by that line 
(for the given inductor) may damage the device. Figure 6 
assumes that an IRF541 MOSFET is used (0.085V maxi- 
mum on resistance). 


Dashed lines indicate regions where the LX2 current limit 
hasn’t been exceeded, but the current rating of the selected 
coil has. The actual voltages where lines end or become 
dashed are indicated by arrows on the graphs. The output 
currents indicated by dashed lines can be achieved only with 
inductors of higher current rating than the indicated coil. The 
coils used in Figures 4, 5 and 7 are as follows: 


lout (mA) 


lout (mA) 


Vin (¥) 


FIGURE 6. ICL7646, Ioyr VS- Vin (Vout = 5V) 


INDUCTOR TOKO PART NUMBER 
33yH -0086K 
47H -0088K 
100yH -0092K 
150nH -0094K 
220nH -0096K 


The coils used in Figure 6 are the Toko series inductors. 


The graphs in Figures 4-7 were calculated using worst case 
data, so individual circuits may supply more current than 
indicated. If the coils’ current ratings are not exceeded, 
smaller, lower-cost coils than those indicated may be used in 
low-current applications. Use the equations in the text to cal- 
culate worst case peak coil/switch current to be sure that a 
particular coil’s current rating is sufficient. 


lout (mA) 


FIGURE 7. ICL7647, lout vs. Vin (Vout = 3V) 
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Features 

¢ Simple Conversion of +5V Logic Supply to +5V Supplies 

¢ Simple Voltage Multiplication (Voyt = (-) NVin) 

¢ Typical Open Circuit Voltage Conversion Efficiency 99.9% 
¢ Typical Power Efficiency 98% 

e Wide Operating Voltage Range 1.5V to 10.0V 


¢ Easy to Use - Requires Only 2 External Non-Critical Passive 
Components 


¢ No External Diode Over Full Temperature and Voltage Range 


Applications 

¢ On Board Negative Supply for Dynamic RAMs 

¢ Localized Processor (8080 Type) Negative Supplies 
¢ Inexpensive Negative Supplies 


¢ Data Acquisition Systems 


Ordering Information 


* Add /883B to part number if 883B processing is required. 


-Pinouts 


8 LEAD SOIC AND MINI-DIP 
TOP VIEW 


TEST [1 8] V+ 
CAP+ [2] osc 
GND {3 | [6] LV 
CAP- [4] 5} Vour 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris C tion 1992 
pyrig arris orpora ion 7.79 


CMOS Voltage Converter 


Description 


The Harris ICL7660 is a monolithic CMOS power sup- 
ply circuit which offers unique performance advan- 
tages over previously available devices. The ICL7660 
performs supply voltage conversion from positive to 
negative for an input range of +1.5V to +10.0V, result- 
ing in complemetary output voltages of -1.5V to 
-10.0V. Only 2 non-critical external capacitors are 
needed for the charge pump and charge reservoir 
functions. The ICL7660 can also be connected to func- 
tion as a voltage doubler and will generate output volt- 
ages up to +18.6V with a +10V input. 


Contained on the chip are a series DC supply regula- 
tor, RC oscillator, voltage level translator, and four out- 
put power MOS switches. A unique logic element 
senses the most negative voltage in the device and 
ensures that the output N-channel switch source-sub- 
strate junctions are not forward biased. This assures 
latchup free operation. 


The oscillator, when unloaded, oscillates at a nominal 
frequency of 10kHz for an input supply voltage of 5.0 
volts. This frequency can be lowered by the addition of 
an external capacitor to the “OSC” terminal, or the 
oscillator may be overdriven by an external clock. 


The “LV” terminal may be tied to GROUND to bypass 
the internal series regulator and improve low voltage 
(LV) operation. At medium to high voltages (+3.5 volts 
to +10.0 volts), the LV pin is left floating to prevent 
device latchup. 


An enhanced direct replacement for this part, the 
ICL7660S, is now available and should be used for all 
new designs. 


8 LEAD TO-99 CAN 
TOP VIEW 


V+ (AND CASE) 


3072 


File Number 


Specifications ICL7660 


Absolute Maximum Ratings 


SUpply Voliages.4 606. 24040008 oe eS cee eweeees eel es +10.5V Storage Temperature Range...............0.. -65°C to +150°C 
LV and OSC Input Voltage ...... -0.3V to (V+ +0.3V) for V+<5.5V Lead Temperature (Soldering, 10sec)...............006. 300°C 

(Note 1) (V+ -5.5V) to (V+ +0.3V) for V+>5.5V Power Dissipation (Note 2) 
Current into LV (Note 1).............-.005. 20pA for V+ > 3.5V IGL7660GWWY 5c carats tee en eas Seawe Saree 500mW 
Output Short Duration (Vsyppry $ 5.5V)........2-06- Continuous ICLTOGOGPA at23 5.8 sscew wih Gil octane Geasieg he aw dea tabs os ase 300mW 
ICL 7660M WV 3s io esas et he tee edeeteey.ce 500mW 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range 
ISL 7660 earascu eater ee by becca Vere ia week <—55°C10¢125 C6: CLV 6606 oe a bse eo cee sbeteun wea 0°C to +70°C 


SYMBOL PARAMETER TEST CONDITIONS | MIN | 


S 
= 
4 
” 


si 
Supply Voltage Range - Lo MIN < Ty < MAX, Ry, = 10kQ, LV to GROUND 
Supply Voltage Range - Hi MIN < T, < MAX, R, = 10kQ, LV to Open 

sc 


—_ 
iy) 
fo) 


Vt = 2V, Ioyr = 3mA, LV to GROUND 
0°C < Ta $ +70°C 


V+ = 2V, loyr = 3MA, LV to GROUND, 


Rout Output Source Resistance lout = 20MA, Ta = +25°C 2 | 
lour = 20MA, 0°C < Ty < +70°C eal 
lout = 20mA, -55°C < Ty < +125°C lenge 
ee ‘a 


Zo Oscillator Impedance V+ = 2 Volts Pa 
V =5 Volts eae 


NOTES: 


1. Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. It is recommended that 
no inputs from sources operating from external supplies be applied prior to “power up” of the ICL7660. 


2. Derate linearly above +50°C by 5.5mW/C. 


> w 7 
S| s]3 


Functional Block Diagram 


5 V+ 
>» CAP+ 
RC 
OSCILLATOR : +2 
e CAP- 
A o VouT 


Osc LV 


VOLTAGE LOGIC 
REGULATOR NETWORK 


7-73 


ty 
B= 
Co 
On 
eS 
<H 
3 ia 
us 
Lo 
oO. 


ICL7660 


Typical Performance Characteristics (test Circuit of Figure 1) 


OPERATING VOLTAGE AS A FUNCTION OF TEMPERATURE 


SUPPLY VOLTAGE (V) 


OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF TEMPERATURE 


350 


OUTPUT SOURCE RESISTANCE (Q) 


FREQUENCY OF OSCILLATION AS A 
FUNCTION OF EXTERNAL OSC. CAPACITANCE 


OSCILLATOR FREQUENCY fosc (Hz) 


OUTPUT SOURCE RESISTANCE AS A 


OF TEMPERATURE FUNCTION OF SUPPLY VOLTAGE 


LLILLL: 


S 


YH 


10K 


Z 


UPPLY VOLTAGE RANGE 
(NO DIODE REQUIRED) 


OUTPUT SOURCE RESISTANCE (Q) 


01 2 3 4 5 6 7 8 
SUPPLY VOLTAGE (V+) 


0 25 50 100 125 
TEMPERATURE (°C) 


POWER CONVERSION EFFICIENCY AS A 
FUNCTION OF OSC. FREQUENCY 


POWER CONVERSION EFFICIENCY (%) 


0 25 50 75 100 125 
TEMPERATURE (°C) 


OSC. FREQUENCY fosc (Hz) 


UNLOADED OSCILLATOR FREQUENCY AS A 
FUNCTION OF TEMPERATURE 
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Typical Performance Characteristics (Continued) (Test Circuit of Figure 1) 


SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 
OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT CURRENT FUNCTION OF LOAD CURRENT 
5 ez 
Pe ae ah 
sso es oe = 50 a so 2 
SoHE 
ar Wi 60 60 0. 
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LOAD CURRENT I (mA) 
LOAD CURRENT I, (mA) 
SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY ASA 
OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT CURRENT FUNCTION OF LOAD CURRENT 
+2 100 pj, 20.0 


OUTPUT VOLTAGE 
So 
(L @30N) (Ww) LNSHYND ATddNS 


POWER CONVERSION EFFICIENCY (%) 
un 
° 


| a". 
Ar SLOPE 1500 


ip OAD eianei i ‘ah 


LOAD CURRENT I, (mA) 


NOTE 3. These curves include in the supply current that current fed directly into the load R, from the V+ (See Figure 1). Thus, approxi- 
mately half the supply current goes directly to the positive side of the load, and the other half, through the ICL7660, to the negative side of 
the load. Ideally, Vout =2Vin, Is = ali, SO Vin x Ig = Vout xX IL. 


Cae. Vout 


10ue 7 


NOTE: For large values of Cogc (>1000pF) the values of C,; and C2 should be increased to 100uF. 
FIGURE 1. ICL7660 TEST CIRCUIT 
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Detailed Description 


The ICL7660 contains all the necessary circuitry to complete 
a negative voltage converter, with the exception of 2 external 
capacitors which may be inexpensive 10uF polarized elec- 
trolytic types. The mode of operation of the device may be 
best understood by considering Figure 2, which shows an 
idealized negative voltage converter. Capacitor C, is 
charged to a voltage, V+, for the half cycle when switches S, 
and Sz are closed. (Note: Switches S. and S, are open dur- 
ing this half cycle.) During the second half cycle of operation, 
switches Sz and S, are closed, with S,; and S, open, thereby 
shifting capacitor C, negatively by V+ volts. Charge is then 
transferred from C, to Co such that the voltage on Coz is 
exactly V+, assuming ideal switches and no load on Co. The 
ICL7660 approaches this ideal situation more closely than 
existing non-mechanical circuits. 


In the ICL 7660, the 4 switches of Figure 2 are MOS power 
switches; S, is a P-channel device and S,, S3 and S, are N- 
channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S3 and S, 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” resis- 
tances. In addition, at circuit start-up, and under output short 
circuit conditions (Voy7 = V+), the output voltage must be 
sensed and the substrate bias adjusted accordingly. Failure 
to accomplish this would result in high power losses and 
probable device latchup. 


This problem is eliminated in the ICL7660 by a logic network 
which senses the output voltage (Voyr) together with the 
level translators, and switches the substrates of S3 and S, to 
the correct level to maintain necessary reverse bias. 


The voltage regulator portion of the ICL7660 is an integral 
part of the anti-latchup circuitry, however its inherent voltage 
drop can degrade operation at low voltages. Therefore, to 
improve low voltage operation the “LV” pin should be con- 
nected to GROUND, disabling the regulator. For supply volt- 
ages greater than 3.5 volts the LV terminal must be left open 
to insure latchup proof operation, and prevent device dam- 
age. 


S; So 
Vin Se TI 


Co 


, a! : Vout =-V 


FIGURE 2. IDEALIZED NEGATIVE VOLTAGE CONVERTER 


Theoretical Power Efficiency 
Considerations 


In theory a voltage converter can approach 100% efficiency 
if certain conditions are met. | 


A_ The driver circuitry consumes minimal power. 


B The output switches have extremely low ON resis- 
tance and virtually no offset. 


C The impedances of the pump and reservoir capaci- 
tors are negligible at the pump frequency. 


The ICL7660 approaches these conditions for negative volt- 
age conversion if large values of C, and C, are used. 
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE 
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE 
OCCURS. The energy lost is defined by: 


E = 1/2 C, (V,? - Vo") 


where V, and Vp are the voltages on C, during the pump 
and transfer cycles. If the impedances of C, and Cz are rela- 
tively high at the pump frequency (refer to Figure 2) com- 
pared to the value of R,, there will be a substantial difference 
in the voltages V, and Vp. Therefore it is not only desirable to 
make C, as large as possible to eliminate output voltage rip- 
ple, but also to employ a correspondingly large value for C, 
in order to achieve maximum efficiency of operation. 


Do’s And Don'ts 
1. Donot exceed maximum supply voltages. 


2. Do not connect LV terminal to GROUND for supply volt- 
ages greater than 3.5 volts. 


3. Do not short circuit the output to V+ supply for supply 
voltages above 5.5 volts for extended periods, however, 
transient conditions including start-up are okay. 


4. When using polarized capacitors, the + terminal of C, 
must be connected to pin 2 of the ICL7660 and the + ter- 
minal of Cp must be connected to GROUND. 


5. If the voltage supply driving the ICL7660 has a large 
source impedance (25Q - 30), then a 2.2uF capacitor 
from pin 8 to ground may be required to limit rate of rise 
of input voltage to less than 2V/us. 


6. User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will 
occur under these conditions. A 1N914 or similar diode 
placed in parallel with C, will prevent the device from 
latching up under these conditions. (Anode pin 5, Cath- 
ode pin 6). 
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ICL7660 


2 Vout = -V+ = 


a) CONFIGURATION b) THEVENIN EQUIVALENT 
FIGURE 3. SIMPLE NEGATIVE CONVERTER 


ICL7660 
+ “4 ” 
10uF 
ICL7660 


° Vout = -nV+ 


FIGURE 6. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE 
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Typical Applications 
Simple Negative Voltage Converter 


The majority of applications will undoubtedly utilize the 
ICL7660 for generation of negative supply voltages. Figure 3 
shows typical connections to provide a negative supply neg- 
ative (GND) for supply voltages below 3.5 volts. 


The output characteristics of the circuit in Figure 3a can be 
approximated by an ideal voltage source in series with a 
resistance as shown in Figure 3b. The voltage source has a 
value of -V+. The output impedance (R,) is a function of the 
ON resistance of the internal MOS switches (shown in Fig- 
ure 2), the switching frequency, the value of C, and Co, and 
the ESR (equivalent series resistance) of C1 and C2. A good 
first order approximation for R, is: 


Ro = 2(Rowi + Rows + ESRe) + 


2(Rewe + Rsw + ESR¢}) + 


——_———_— . ESRo, 
(fpump) (C1) 
fosc 
(fpymp = , » Rowx = MOSFET switch resistance) 


Combining the four Rgwy terms as Rey, we see that: 


Ro= 2(Rsw)+ + 4 (ESRe,) + ESReo 


(fpump) (C1) 


RSW, the total switch resistance, is a function of supply volt- 
age and temperature (See the Output Source Resistance 
graphs), typically 23Q @ 25°C and 5V. Careful selection of 
C, and Cz will reduce the remaining terms, minimizing the 
output impedance. High value capacitors will reduce the 
1/(fpump © C,) component, and low ESR capacitors will 
lower the ESR term. Increasing the oscillator frequency will 
reduce the 1/(fpyyp ¢ C1) term, but may have the side effect 
of a net increase in output impedance when C, > 10uF and 
there is no longer enough time to fully charge the capacitors 
every cycle. In a typical application where fogc = 10kHz and 
C=C, =Cpy = 10pF: 


Ro= 2 (23)+ +4 (ESR) + ESRes 


| (5 © 10°) (10°5) 
Ro = 46 + 20 + 5 (ESR) 


Since the ESRs of the capacitors are reflected in the output 
impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1/(fpyyp ¢ C,) term, rendering 
an increase in switching frequency or filter capacitance inef- 
fective. Typical electrolytic capacitors may have ESRs as 
high as 10. 


Ro = 2 (23) + +4 (ESRe}) + ESRee 


{ 
(5 © 10%) (10-5) 
Ro =46+20+5 (ESR) 


Since the ESRs of the capacitors are reflected in the output 
impedance multiplied by a factor of 5, a high value could 


potentially swamp out a low 1/(fpyyp ¢« C,) term, rendering 
an increase in switching frequency or filter capacitance inef- 
fective. Typical electrolytic capacitors may have ESRs as 
high as 10Q. 


Output Ripple 


ESR also affects the ripple voltage seen at the output. The 
total ripple is determined by 2 voltages, A and B, as shown in 
Figure 4. Segment A is the voltage drop across the ESR of 
Cy at the instant it goes from being charged by C, (current 
flow into Cz) to being discharged through the load (current 
flowing out of Cz). The magnitude of this current change is 
2¢ lout, hence the total drop is 2¢ Iqyy ¢ eSReo volts. Seg- 
ment B is the voltage change across C, during time to, the 
half of the cycle when C, supplies current to the load. The 
drop at B is Igyz @ t2/Cy volts. The peak-to-peak ripple volt- 
age is the sum of these voltage drops: 


1 
Viipple — | 2 (foump) (C2) +2 (ESReo) | lout 


Again, a low ESR capacitor will reset in a higher perfor- 
mance output. 


Paralleling Devices 


Any number of ICL7660 voltage converters may be paral- 
leled to reduce output resistance. The reservoir capacitor, 
Cy, serves all devices while each device requires its own 
pump capacitor, C,. The resultant output resistance would 
be approximately: 


Rout (of ICL7660) 
n (number of devices) 


Rout = 


Cascading Devices 


The ICL7660 may be cascaded as shown to produced larger 
negative multiplication of the initial supply voltage. However, 
due to the finite efficiency of each device, the practical limit is 
10 devices for light loads. The output voltage is defined by: 


Vout = “1 (Vin): 


where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approxi- 
mately the weighted sum of the individual ICL7660 Roy val- 
ues. 


Changing the ICL7660 Oscillator Frequency 


It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter- 
nal clock, as shown in Figure 7. In order to prevent possible 
device latchup, a 1kQ resistor must be used in series with 
the clock output. In a situation where the designer has gen- 
erated the external clock frequency using TTL logic, the 
addition of a 10kQ pullup resistor to V+ supply is required.. 
Note that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 
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Vy Ve 


ICL7660 


FIGURE 7. EXTERNAL CLOCKING 


It is also possible to increase the conversion efficiency of the 
ICL7660 at low load levels by lowering the oscillator fre- 
quency. This reduces the switching losses, and is shown in 
Figure 8. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (C,) and reservoir (Cz) capacitors; this is overcome by 
increasing the values of C, and C, by the same factor that 
the frequency has been reduced. For example, the addition 
of a 100pF capacitor between pin 7 (Osc) and V+ will lower 
the oscillator frequency to 1kHz from its nominal frequency 
of 10kHz (a multiple of 10), and thereby necessitate a corre- 
sponding increase in the value of C, and Cz (from 10uF to 
100,F). 


V+ 


24 ici 7660 
3. 
4 


FIGURE 8. LOWERING OSCILLATOR FREQUENCY 


Positive Voltage Doubling 


The ICL7660 may be employed to achieve positive voltage 
doubling using the circuit shown in Figure 9. In this applica- 
tion, the pump inverter switches of the ICL7660 are used to 
charge C, to a voltage level of V+ -V_- (where V+ is the sup- 
ply voltage and V¢ is the forward voltage drop of diode D,). 
On the transfer cycle, the voltage on C, plus the supply volt- 
age (V+) is applied through diode Dp, to capacitor Co. The 
voltage thus created on Cy becomes (2V+) - (2VF) or twice 
the supply voltage minus the combined forward voltage 
drops of diodes D, and Do. 


The source impedance of the output (Voyr) will depend on 
the output current, but for V+ = 5 Volts and an output current 
of 10mA it will be approximately 60 ohms. 


ICL7660 
Vout = 
(2V+) - (2VF) 


FIGURE 9. POSITIVE VOLTAGE DOUBLER 


Combined Negative Voltage Conversion 
and Positive Supply Doubling 


Figure 10 combines the functions shown in Figures 3 and 


Figure 9 to provide negative voltage conversion and positive. 


voltage doubling simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts from an 
existing +5 volt supply. In this instance capacitors C, and C, 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C, 
and C, are pump and reservoir respectively for the doubled 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 


V+ Vout = 
- (nVin - Vepx) 


8) 


i 
B 
a 


Vout = (2V+) - 
(Vep1) - (VED2) 


ICL7660 


FIGURE 10. COMBINED NEGATIVE VOLTAGE CONVERTER 
AND POSITIVE DOUBLER 


Voltage Splitting 


The bidirectional characteristics can also be used to split a 
higher supply in half, as shown in Figure 11. The combined 
load will be evenly shared between the two sides. Because 
the switches share the load in parallel, the output impedance 
is much lower than in the standard circuits, and higher cur- 
rents can be drawn from the device. By using this circuit, and 
then the circuit of Figure 6, +15V can be converted (via +7.5, 
and -7.5) to a nominal -15V, although with rather high series 
output resistance (~250Q). 


FIGURE 11. SPLITTING A SUPPLY IN HALF 
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Regulated Negative Voltage Supply 


In some cases, the output impedance of the ICL7660 can be 
a problem, particularly if the load current varies substantially. 
‘The circuit of Figure 12 can be used to overcome this by 
controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con- 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7660’s output does not respond instantaneously to 
change in input, but only after the switching delay. The circuit 
shown supplies enough delay to accommodate the ICL7660, ICL8069 
while maintaining adequate feedback. An increase in pump 
and storage capacitors is desirable, and the values shown 


Vout 
provides an output impedance of less than 5Q to a load of 
10mA. | 
800k 
Other Applications | VOLTAGE is ea 
; ADJUST = 
Further information on the operation and use of the ICL7660 
may be found in A051 “Principals and Applications of the 
ICL7660 CMOS Voltage Converter”. FIGURE 12. REGULATING THE OUTPUT VOLTAGE 
> +5V LOGIC SUPPLY 
TTLDATA 
INPUT 
: RS232 
> DATA 
OUTPUT 


ICL7660 


FIGURE 13. RS232 LEVELS FROM A SINGLE 5V SUPPLY 
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May 1992 Super Voltage Converter 


Features 


e Guaranteed Lower Max Supply Current for All Temperature 
Ranges 


¢ Guaranteed Wider Operating 
Voltage Range 1.5V to 12V 


e No External Diode Over Full Temperature and Voltage Range 
¢ Boost Pin (Pin 1) for Higher Switching Frequency 
e Guaranteed Minimum Power Efficiency of 96% 


¢ Improved Minimum Open Circuit Voltage Conversion Effi- 
ciency of 99% 


e Improved SCR Latchup Protection 
¢ Simple Conversion of +5V Logic Supply to +5V Supplies 
e Simple Voltage Multiplication Voyy = (-)NVin 


e Easy to Use - Requires Only 2 External Non-Critical Passive 
Components 


e Improved Direct Replacement for Industry Standard ICL7660 
and Other Second Source Devices 


Applications 
¢ Simple Conversion of +5V to +5V Supplies 
¢ Voltage Multiplication Voy; = +nViy 


e Negative Supplies for Data Acquisition Systems and 
Instrumentation 


e RS232 Power Supplies 
e¢ Supply Splitter, Voyy = +Vs/2 


Pinouts 
8 LEAD SOIC AND MINI-DIP 


Description 


The ICL7660S Super Voltage Converter is a monolithic CMOS 
voltage conversion IC that guarantees significant performance 
advantages over other similar devices. It is a direct replacement 
for the industry standard ICL7660 offering an extended operat- 
ing supply voltage range up to 12V, with Jower supply current. 
No external diode is needed for the ICL7660S. In addition, a 
Frequency Boost pin has been incorporated to enable the 
user to achieve lower output impedance despite using smaller 
capacitors. All improvements are highlighted in the Electrical 
Characteristics section. Critical parameters are guaranteed 
over the entire commercial, industrial and military temper- 
ature ranges. 


The ICL7660S performs supply voltage conversion from posi- 
tive to negative for an input range of 1.5V to 12V, resulting in 
complementary output voltages of -1.5V to -12V. Only 2 noncrit- 
ical external capacitors are needed for the charge pump and 
charge reservoir functions. The ICL7660S can be connected to 
function as a voltage doubler and will generate up to 22.8V with 
a 12V input. It can also be used as a voltage multiplier or volt- 
age divider. 

The chip contains a series DC power supply regulator, RC 
oscillator, voltage level translator, and four output power MOS 
switches. The oscillator, when unloaded, oscillates at a nominal 
frequency of 10kHz for an input supply voltage of 5.0 volts. This 
frequency can be lowered by the addition of an external capac- 
itor to the “OSC” terminal, or the oscillator may be over-driven 
by an external clock. 


The “LV” terminal may be tied to GND to bypass the internal 
series regulator and improve low voltage (LV) operation. At 
medium to high voltages (3.5V to 12V), the LV pin is left floating 
to prevent device latchup. 


Ordering Information 


PART NUMBER TEMP. RANGE | PACKAGE | 


TOP VIEW 
ICL7660SCBA 0°C to +70°C 8 Lead SOIC 
BOOS * 
cdl = = . ICL7660SCPA 0°C to +70°C 8 Lead Mini-DIP 
CAP. 4 osc 
i ICL7660SIBA -25°C to +85°C 8 Lead SOIC 
GND [3| 16] LV 
ICL7660SCTV 0°C to +70°C TO-99 
CAP- 4 | 5 | Vout s, 
ICL7660SIPA -25°C to +85°C 8 Lead Mini-DIP 
ICL7660SITV -25°C to +85°C TO-99 
TO-99 CAN 
TOP VIEW ICL7660SMTV* -55°C to+125°C + | TO-99 
V+ (AND CASE) * Add /883B to part number if 883B processing is required 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Functional Block Diagram 


BOOST a Ne 
5 CAP+ 
" os 
os 
OSCILLATOR TRANSLATOR 
| | > CAP- 
| ~ » Vout 
osc LV 
VOLTAGE | 
REGULATOR 


LOGIC 
NETWORK 
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Specifications ICL7660S 


Absolute Maximum Ratings 


Supply Voltage si. ¥4 4s Gdatede te ahead +13.0V Lead Temperature (Soldering 10s) ...............0005- +300°C 
LV and OSC Input Voltage (Note 1) Power Dissipation (Note 2) 
Vie 5. OV che oe aces twee oka ea eeu ees -0.3V to V+ + 0.3V ICL7660SCTV bes cece ck woes (ais Saree eu ewes ews 500mW 
VES OSV st ccc senese ie te ieee V+ -5.5V to V+ +0.3V ICL7GG0SGPA ts conse d Petseeourcts ie aess nesG5s 300mW 
Current into LV (Note 1) ICL 7660SCBA es. ccosainsn ott ad. dave oa wee eget 300mW 
WS OV oes Go ete Wai wea er eee eS 20pA ICL 7660SITV .02 ee oau heaton Gesiese cots eases 500mWw 
Output Short Duration ICL7GG0SIPA 6 ss eerie sue pecheea teed etre te< 300mW 
VsuppLy GOV sen Os eh See es OR ARE RES Continuous ICL7T6GOSIBA ciec-o ore So es See SEARS eS 300mW 
Storage Temperature Range ................. -65°C to +150°C IGL7660SIM1 V (5. duie Cond eead iG esecusneed eae. 500mW 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range ISEPOG0SN re-esc. or eae ted arene esses eos ae -25°C to +85°C 
ICL7660SM esr tceesat eke tee vel Gees eed ects -55°C to +125°C ICL 7660SC-esswaes a nat nies Rae ata e aes 0°C to +150°C 


Electrical Specifications V* = 5V, T, = +25°C, OSC = Free running, Test Circuit Figure 2, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS ee UNITS 


Supply Current (Note 3) Rese, t25°C fe BO 
0°C < Th, <70°C —— 


25°C <Ta<t85°C 0s < 25°C <Ta<t85°C 0s < +85°C 


-55°C < Ty < +125°C 


Supply Voltage Range - High Vty R, = 10K, LV Open, Tyin < Ta < Téax 
(Note 4) 


Supply Voltage Range - | Supply Voltage Range-Low | oe CE = 10K, LV to GND, Ty < Ta < Tax 


Output Source Resistance lout = 20mA 
lout = 20mA, 0°C < Ta < +70°C 
lout = 20mA, -25°C < Ta < +85°C 


lout = 20mA, -55°C < Ty < +125°C 


lout = 3mA, V* = 2V, LV = GND, 
0°C < Ty, < +70°C 

lout = 3mA, Vr 2V, LV = GND, 
-25°C < Ta < +85°C 


lout = 3MA, V* = 2V, LV = GND, 
-55°C < Ty < +125°C 


Oscillator Frequency fosc Cogsc = 0, Pin 1 Open or GND 
Pin 1 = V* 
Power Efficiency R, = 5kQ 
Twin < Ta < Tmax 


Oscillator Impedance Pe [eae 


NOTES: 


1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs 
from sources operating from external supplies be applied prior to “power up” of ICL7660s. 


2. Derate linearly above 50°C by 5.5mW/C 


3. In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually 
a very small but finite stray capacitance present, of the order of 5pF. 


4. The Harris ICL7660S can operate without an external diode over the full temperature and voltage range. This device will function in 
existing designs which incorporate an external diode with no degradation in overall circuit performance. 


5. All significant improvements over the industry standard ICL7660 are highlighted. 
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Typical Performance Characteristics (test Circuit Figure 1) 


OPERATING VOLTAGE AS A FUNCTION OF OUTPUT SOURCE RESISTANCE AS A FUNCTION OF 
TEMPERATURE SUPPLY VOLTAGE 
12 
VAVAVAVAVA' A g 
10 Ww 
VAVAVAVAYAYA : 
S, : 
ws SUPPLY VOLTAGE RANGE rd 
5 AZ WALA : 
aed ) 
a 5 
: : 
3 
0 
55-25 0 25 50 100 125 0 2 4 6 8 10 12 
TEMPERATURE (°C) SUPPLY VOLTAGE (V) 
OUTPUT SOURCE RESISTANCE AS A FUNCTION OF POWER CONVERSION EFFICIENCY AS A FUNCTION OF 
TEMPERATURE OSCILLATOR FREQUENCY 
350 = 98 
Poca lH RS el a SE 
g Pe ee dette & 94 | lour=1mA CE ATT 
= 250 2 9 A 
% 200 ee 
rea re) 
Shean i ain 
Bezensss pt at 
- — aa 1) 
B so —— eet TUT 
aes a a ee 5 oo 
Ss med eI 
50 -25 0 25 50 75 100 125 ee ra - =i 
TEMPERBIUBE CE) OSC FREQUENCY Fogc (Hz) 
FREQUENCY OF OSCILLATION AS A FUNCTION OF UNLOADED OSCILLATOR FREQUENCY AS A FUNCTION OF 
EXTERNAL OSCILLATOR CAPACITANCE TEMPERATURE 


OSCILLATOR FREQUENCY Fosc (KHz) 
OSCILLATOR FREQUENCY Fosc (KHz) 


1 10 100 1k 
Cosc (PF) TEMPERATURE (°C) 
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Typical Performance Characteristics (test Circuit Figure 1) (Continued) 


SUPPLY CURRENT AND POWER CONVERSION EFFICIENCY 
OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT CURRENT AS A FUNCTION OF LOAD CURRENT 
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OUTPUT VOLTAGE (V) 
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POWER CONVERSION EFFICIENCY (%) 
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Zi |} {| | { J, 
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10 20 #30 40 50 60 
LOAD CURRENT (mA) LOAD CURRENT (mA) 


SUPPLY CURRENT AND POWER CONVERSION EFFICIENCY 


OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT CURRENT AS A FUNCTION OF LOAD CURRENT 
100 
a 
- 80 Pee 16 3 
: _ 2 1: 
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400 [A I1=10mA 


300 


200 


OUTPUT RESISTANCE RA (W) 


100 1k 10k 100k 
OSCILLATOR FREQUENCY (Hz) 


NOTE 6. These curves include in the supply current that current fed directly into the load R, from the V+ (See Figure 1). Thus, approxi- 
mately half the supply current goes directly to the positive side of the load, and the other half, through the ICL7660, to the negative side of 
the load. Ideally, Vout = 2Vin; Ig = 2l,, SO Vin X Io = Vour X IL. 
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_ Detailed Description 


The ICL7660S contains ail the necessary circuitry to 
complete a negative voltage converter, with the exception of 
2 external capacitors which may be inexpensive 10uF 
polarized electrolytic types. The mode of operation of the 
device may be best understood by considering Figure 2, 
which shows an idealized negative voltage converter. 
Capacitor C, is charged to a voltage, V+, for the half cycle 
when switches S, and S, are closed. (Note: Switches S, 
and S, are open during this half cycle.) During the second 
half cycle of operation, switches S, and S, are closed, with 
S, and S, open, thereby shifting capacitor C, to Cz such that 
the voltage on Cz is exactly V+, assuming ideal switches and 
no load on Cy. The ICL7660S approaches this ideal situation 
more closely than existing non-mechanical circuits. 


V+ 


ICL7660S 


NOTE: For large values of Cogc (>1000pF) the values of C, 
and Cz should be increased to 100yF 


FIGURE 1. ICL7660S TEST CIRCUIT 


In the ICL7660S, the 4 switches of Figure 2 are MOS power 
switches; S, is a P-channel devices and S., S, and S, are 
N-channel devices. The main difficulty with this approach is 
that in integrating the switches; the substrates of S3 and S, 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” 
resistances. In addition, at circuit start up, and under output 
short circuit conditions (Voyt = V+), the output voltage must 
be sensed and the substrate bias adjusted accordingly. 
Failure to accomplish this would result in high power losses 
and probable device latchup. 


This problem is eliminated in the ICL7660S by a logic 
network which senses the output voltage (Voyr) together 
with the level translators, and switches the substrates of S., 
and S, to the correct level to maintain necessary reverse 
bias. 


The voltage regulator portion of the ICL7660S is an integral 
part of the anti-latchup circuitry, however its inherent voltage 
drop can degrade operation at low voltages. Therefore, to 
improve low voltage operation “LV” pin should be connected 
to GND, disabling the regulator. For supply voltages greater 
than 3.5 volts the LV terminal must be left open to insure 
latchup proof operation, and prevent device damage. 


Theoretical Power Efficiency Considerations 


In theory a voltage converter can approach 100% efficiency 
if certain conditions are met: 


_A_ The drive circuitry consumes minimal power. 


B The output switches have extremely low ON resistance 
and virtually no offset. | 


C The impedance of the pump and reservoir capacitors are 
negligible at the pump frequency. 


The ICL7660S approaches these conditions for negative 
voltage conversion if large values of C,; and Cy are used. 
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE 
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE 
OCCURS. The energy lost is defined by: 

E = "oC, (V4? - Vo?) 
where V, and Vp» are the voltages on C, during the pump 
and transfer cycles. If the impedances of C, and Cy are 
relatively high at the pump frequency (refer to Figure 2) 
compared to the value of R,, there will be substantial 
difference in the voltages V, and Vo. Therefore it is not only 
desirable to make C, as large as possible to eliminate output 
voltage ripple, but also to employ a correspondingly large 
value for C, in order to achieve maximum efficiency of 
operation. 


2 
w 
x) 


| 
: 


Vout = -Vin 


FIGURE 2. IDEALIZED NEGATIVE VOLTAGE CONVERTER 


Do’s and Don’ts 
1. Do not exceed maximum supply voltages. 


2. Do not connect LV terminal to GND for supply voltage 
greater than 3.5 volts. 


3. Do not short circuit the output to V* supply for supply 
voltages above 5.5 volts for extended periods, however, 
transient conditions including start-up are okay. 


4. When using polarized capacitors, the + terminal of C, 
must be connected to pin 2 of the ICL7660 and the + 
terminal of Cp must be connected to GND. 


5. Ifthe voltage supply driving the 7660S has a large source 
impedance (25 - 30 ohms), then a 2.2uF capacitor from 
pin 8 to ground may be required to limit rate of rise of 
input voltage to less than 2V/us. 


6. User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will occur 
under these conditions. 


A 1N914 or similar diode placed in parallel with C. will 
prevent the device from latching up under these condi- 
tions. (Anode pin 5, Cathode pin 6). 
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Typical Applications 
Simple Negative Voltage Converter 


The majority of applications will undoubtedly utilize the 
ICL7660S for generation of negative supply voltages. Figure 
3 shows typical connections to provide a negative supply 
where a positive supply of +1.5V to +12V is available. Keep 
in mind that pin 6 (LV) is tied to the supply negative (GND) 
for supply voltage below 3.5 volts. 


V+ 


Ro Vout 


Vout = -V+ 


10pF +1. 


a.) b.) 


| 
+ 


FIGURE 3. SIMPLE NEGATIVE CONVERTER ANDITS OUTPUT 
EQUIVALENT 


The output characteristics of the circuit in Figure 3 can be 
approximated by an ideal voltage source in series with a 
resistance as shown in Figure 3b. The voltage source has a 
value of -(V+). The output impedance (Ro) is a function of 
the ON resistance of the internal MOS switches (shown in 
Figure 2), the switching frequency, the value of C, and Co, 
and the ESR (equivalent series resistance) of C; and Co. A 
good first order approximation for Ro is: 


Ro = 2(Rgws + Rews + ESRe1) + 2(Rgwe + Row4 + ESRo}) + 


+ ESRco 
fpump X Cy 


fosc 


(fpump = » Rswx = MOSFET switch resistance) 


Combining the four Rgwx terms as Row, we see that: 


Ro =2xRgwt +4x ESRe, + ESRo2Q 
fpump X Cy 


Rsw, the total switch resistance, is a function of supply 
voltage and temperature (See the Output Source 
Resistance graphs), typically 23Q at +25°C and 5V. Careful 
selection of C,; and Cy will reduce the remaining terms, 
minimizing the output impedance. High value capacitors will 
reduce the 1/(fpyyp x C;) component, and low ESR capaci- 
tors will lower the ESR term. Increasing the oscillator 
frequency will reduce the 1/fpyyp x C;) term, but may have 
the side effect of a net increase in output impedance when 
C, > 10uF and these is not longer enough time to fully 
charge the capacitors every cycle. In a typical application 
where fogc = 10kHz and C = C, = Cy = 10nF: 


1 
(5 x 10° x 10 x 10%) 
Ro = 46 + 20 +5 x ESR(Q 


Ro =2 x23 + +4x ESRc, + ESReo 


Since the ESRs of the capacitors are reflected in the output 
impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1/fpyyp x C,) term, rendering an 
increase in switching frequency or filter capacitance ineffec- 
tive. Typical electrolytic capacitors may have ESRs as high 
as 10Q 


Output Ripple 


ESR also affects the ripple voltage seen at the output. The 
total ripple is determined by 2 voltages, A and B, as shown in 
Figure 4. Segment A is the voltage drop across the ESR of 
Cz at the instant it goes from being charged by C, (current 
flowing into Cy) to being discharged through the load 
(current flowing out of Co). The magnitude of this current 
change is 2 x Ioy7, hence the total drop is 2 x loyr x ESReo 
volts. Segment B is the voltage change across Cy during 
time to, the half of the cycle when Cy supplies current the 
load. The drop at B is Iguyrz X to/Co volts. The peak-to-peak 
ripple voltage is the sum of these voltage drops: 


1 


VRIPPLE = ( +2 ESRC x lout ) 


2 x fpump X C2 


Again, a low ESR capacitor will result in a higher perfor- 
mance output. 


Paralleling Devices 


Any number of ICL7660S voltage converters may be 
paralleled to reduce output resistance. The reservoir 
capacitor, Cy, serves all devices while each device requires 
its own pump capacitor, C,. The resultant output resistance 
would be approximately: 


Rour (of |CL7660S) 
n (number of devices) 


Rout = 


Cascading Devices 


The ICL7660S may be cascaded as shown to produce larger 
negative multiplication of the initial supply voltage. However, 
due to the finite efficiency of each device, the practical limit is 
10 devices for light loads. The output voltage is defined by: 


Vout = -A(Vin); 


where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approxi- 
mately the weighted sum of the individual ICL7660S Rout 
values. 


Changing the ICL7660S Oscillator Frequency 


It may be desirable in some applications, due to noise or 
other considerations, to alter the oscillator frequency. This 
can be achieved simply by one of several methods described 
below. 


By connecting the Boost Pin (Pin 1) to V+, the oscillator 
charge and discharge current is increased and, hence, the 
oscillator frequency is increased by approximately 3'/, 
times. The result is a decrease in the output impedance and 
ripple. This is of major importance for surface mount applica- 
tions where capacitor size and cost are critical. Smaller 
capacitors, e.g. 0.1uF, can be used in conjunction with the 
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FIGURE 4. OUTPUT RIPPLE 


V+ 


-ICL7660S 
Cy : 


ICL7660S 
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on} fo} [x] [| 


FIGURE 5. PARALLELING DEVICES 


ICL7660S 
“n” 


9 Vout" 


. Vout = -nV for 1.5V < V+ < 12V 


FIGURE 6. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE 
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Boost Pin in order to achieve similar output currents 
compared to the device free running with C, = Cy = 10uF or 
100uF. (Refer to graph of Output Source Resistance as a 
Function of Oscillator Frequency). 


Increasing the oscillator frequency can also be achieved by 
overdriving the oscillator from an external clock, as shown in 
Figure 7. In order to prevent device latchup, a 1kQQ resistor 
must be used in series with the clock output. In a situation 
where the designer has generated the external clock 
frequency using TTL logic, the addition of a 10kQ pullup 
resistor to V+ supply is required. Note that the pump 
frequency with external clocking, as with internal clocking, 
will be '/. of the clock frequency. Output transitions occur on 
the positive going edge of the clock. 


ICL7660S 


FIGURE 7. EXTERNAL CLOCKING 


It is also possible to increase the conversion efficiency of the 
ICL7660S at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is shown 
in Figure 8. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (C,) and reservoir (C) capacitors; this is overcome by 
increasing the values of C,; and C, by the same factor that 
the frequency has been reduced. For example, the addition 
of a 100pF capacitor between pin 7 (Osc and V+ will lower 
the oscillator frequency to 1kHz from its nominal frequency 
of 10kHz (a multiple of 10), and thereby necessitate 
corresponding increase in the value of C, and Cz (from 10uF 
to 100yF). 


yt 


Cosc 


° VouT 


Le 


FIGURE 8. LOWERING OSCILLATOR FREQUENCY 


Positive Voltage Doubling 


The ICL7660S may be employed to achieve positive voltage 
doubling using he circuit shown in Figure 9. In this applica- 
tion, the pump inverter switches of the ICL7660S are used to 
charge C, to a voltage level of V+ -V_e (where V+ is the sup- 
ply voltage and V¢ is the forward voltage on C, plus the sup- 
ply voltage (V+) is applied through diode Dz to capacitor Co. 


The voltage thus created on Cp becomes (2V+) - (2V-) or 
twice the supply voltage minus the combined forward voltage 
drops of diodes D, and Do. 


The source impedance of the output (Voy) will depend on 
the output current, but for V+ = 5V and an output current of 
10mA it will be approximately 60 ohms. 


Vout = 
2 (2V*) - (2Vp) 


NOTE: D, and Dz can be any suitable diode 
FIGURE 9. POSITIVE VOLTAGE DOUBLER 


Combined Negative Voltage Conversion and 
Positive Supply Doubling 


Figure 10 combines the functions shown in Figure 3 and 9 to 
provide negative voltage conversion and positive voltage 
doubling simultaneously. This approach would be, for exam- 
ple, suitable for generating +9 volts and -5 volts from an 
existing +5 volt supply. In this instance capacitors C; and C3 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C2 
and C, are pump and reservoir respectively for the doubled 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 


yt 


9 Vout =-Vin 


8 


ICL7660S 


6 
5 
5 Vout = (2V*) - 

(Vep1) - (VFp2) 


FIGURE 10. COMBINED NEGATIVE VOLTAGE CONVERTER 
AND POSITIVE DOUBLER 


Voltage Splitting 


The bidirectional characteristics can also be used to split a 
high supply in half, as shown in Figure 11. The combined 
load will be evenly shared between the two sides, and a high 
value resistor to the LV pin ensures start-up. Because the 
switches share the load in parallel, the output impedance is 
much lower than in the standard circuits, and higher currents 
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-ICL7660S 


can be drawn from the device. By using this circuit, and then 
the circuit of Figure 6, +15V can be converted (via +7.5, and 
-7.5 to a nominal -15V, although with rather high series 
output resistance (~250Q). 


FIGURE 11. SPLITTING A SUPPLY IN HALF 


Regulated Negative Voltage Supply 


In Some cases, the output impedance of the ICL7660S can 
be a problem, particularly if the load current varies substan- 
tially. The circuit of Figure 12 can be used to overcome this 
by controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con- 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7660S’s output does not respond instantaneously to 
change in input, but only after the switching delay. The circuit 
shown supplies enough delay to accommodate the 7660S, 
while maintaining adequate feedback. An increase in pump 


+5V LOGIC SUPPLY 


TTL DATA ¢ 
INPUT 


and storage capacitors is desirable, and the values shown 
provides an output impedance of less than 5Q to a load of 


10mA. 


> +8V 50k 


4 | 

2 ICL7660S 

3 | 

4 | Vout 
250k 100uF 
VOLTAGE cy Sepa 
ADJUST = 


FIGURE 12. REGULATING THE OUTPUT VOLTAGE 


Other Applications 


Further information on the operation and use of the 
ICL7660S may be found in A051 “Principals and Applica- 
tions of the ICL7660 CMOS Voltage Converter’. 


OUTPUT 


FIGURE 13. RS232 LEVELS FROM A SINGLE 5V SUPPLY 
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a) eee ICL 7662 


May 1992 CMOS Voltage Converter 
Features Description 
e No External Diode Needed Over Entire Temperature The Harris ICL7662 is a monolithic high-voltage CMOS 
Range power supply circuit which offers unique performance ad- 
e Pin Compatible With ICL7662 vantages over previously available devices. The ICL7662 
e Simple Conversion of +15V Supply to -15V Supply performs supply voltage conversion from positive to negative 
¢ Simple Voltage Multiplication (Voyr = (-)NVin) for an input range of +4.5V to +20.0V, resulting in comple- 
¢ 99.9% Typical Open Circuit Voltage Conversion mentary output voltages of -4.5V to -20V. Only 2 noncritical 
Efficiency external capacitors are needed for the charge pump and 
¢ 96% Typical Power Efficiency charge reservoir functions. The ICL7662 can also function 
e Wide Operating Voltage Range 4.5V to 20.0V as a voltage doubler, and will generate output volt- ages up 


e Easy to Use - Requires Only 2 External Non-Critical to + 38.6V with a + 20V input. 


Passive Components 
Contained on chip are a series DC power supply regulator, 


Applications RC oscillator, voltage level translator, four output power MOS 
switches. A unique logic element senses the most negative 
voltage in the device and ensures that the output N-channel 
switch source-substrate junctions are not forward biased. 
This assures latchup free operation. 


¢ On Board Negative Supply for Dynamic RAMs 

¢ Localized Processor (8080 Type) Negative Supplies 
e Inexpensive Negative Supplies 

e Data Acquisition Systems 


Up to -20V for Op Amps The oscillator, when unloaded, oscillates at a nominal fre- 
: * uency of 10kHz for an input supply voltage of 15.0V. This 
Ordering Information pata ee 


frequency can be lowered by the addition of an external 
TEMPERATURE 
PART NUMBER RANGE 


capacitor to the “OSC” terminal, or the oscillator may be 
ICL7662CTV 0°C to +70°C | TO-99Can 99 Can 


overdriven by an external clock. 
ICL7662CPA eee Pin Mini-DIP 
ICL7662CBD 14 Pin SOIC 


The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) opera- 
tion. At medium to high voltages (+10V to +20V), the LV pin 
is left floating to prevent device latchup. 


”) 
ICL7662MTV" +55°C to +125°C TO-99 Can R Lu 
co 
Oa 
>a) 
Pinouts = or 
8 LEAD MINI-DIP 14 LEAD SOIC 8 LEAD TO-99 CAN O = 
TOP VIEW TOP VIEW TOP VIEW Co 
Qu. 
TEST 11 3} V+ 
CAP+ [2 17] Osc 
GND [3] 16} LV 
CAP- [4] 5] VouT 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 31 81 


Copyright © Harris Corporation 1992 
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Specifications ICL7662 


Absolute Maximum Ratings 


SuUppIY Vollage a. axe coc ees Vie Saas wee bale ee ee 22V___— Power Dissipation (Note 2) 

Oscillator Input Voltage......... -0.3V to (V+ +0.3V) for V+ < 10V ICL 7EB2C TN cwktctorsad ne oo hewanretinnes Gespeeeas 500mW 

sce aa eh Sonat asacir ate bina ease (V+ -10V) to (V+ +0.3V) for V+ > 10V ICL 7G62CPA 245 soso vate eee eines esas COOMW 
(Note 1) IGE 7ZOG2IW Ys sce bet cece agin tee eee ov eae erew anew 500mW 

Current into LV (Note 1)..................-- 20uA for V+>10V Lead Temperature (Soldering, 10S).............0 cece eee 300°C 

Output Short Duration ......... 0.0.0... cece eee Continuous 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 15V, Ty = +25°C, Cogc = 0, Unless Otherwise Stated. Refer to Figure 1. 


PARAMETER SYMBOL 


Supply Voltage Range - Lo 
Supply Voltage Range - Hi 


Supply Current 


TEST CONDITIONS 


R_ = 10kQ,LV=GND | Min < T, < Max 
R, = 10kQ, LV = Open | Min < Ty, < Max 


a R,=-,LV=Open | Ty = 425°C 
lo = 20mA, 
LV = Open 


p 
S) 
oa 3 
~< 
U 
(en) —_ 


0.25 


0°C < Ty < +70°C 


ro) 
A) 
os) 
© 
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“55°C < Ty < +125°C 


= = 

ro) 
: E 
ro) 


Output Source Resistance Ta = +25°C 100 
0°C < Ta < +70°C 
-55°C < Ty < +125°C 


Supply Current 


V+ =5V, RL =~, 
LV = GND 


Ta = +25°C 


No 
— 
oO 
oO 
ond 
> 


0°C < Ta < +70°C 


(Fo) : 
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“55°C < Ty < +125°C 
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125 
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Output Source Resistance 


V+ = 5V, Io = 3mA, LV 
= GND 


Ta= +25°C 


0°C < Ty < +70°C 


a 
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oO 
A) 
on 
Oo 


NO 
Oo 
io) 
w 
on 
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-55°C < Ty < +125°C 


Oscillator Frequency KHz 


FOSC 


lial i — 


lose V+= Vi=5V(Vosc=OVt0¥5Y) Vi=5V(Vosc=OVt0¥5Y) OV to +5V) 
V+ = 15V (Vogc = +5V to +15V) 
NOTES: 


1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs 
from sources operating from external supplies be applied prior to “power up” of ICL7660s. 


2. Derate linearly above 50°C by 5.5mWPC. 


3. Pin 1 is a Test pin and is not connected in normal use. When the TEST pin is connected to V+, an internal transmission gate disconnects 
any external parasitic capacitance from the oscillator which would otherwise reduce the oscillator frequency from its nominal value. 


© 
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Power Efficiency 


Voltage Conversion Efficiency 


Oscillator Sink or Source 
Current 


Ta = +25°C 


on 
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Min < T, < Max 


Min < T, < Max 
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Performance Curves (See Figure 1, Test Circuit) 


OUTPUT SOURCE RESISTANCE AS A OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE 


LV = GND Cosc = OpF 
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NOTE: All typical values have been characterized but are not tested. 
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Performance Curves (See Figure 1, Test Circuit) (Continued) 


UNLOADED OSCILLATOR FREQUENCY OUTPUT VOLTAGE AS A FUNCTION 
AS A FUNCTION OF TEMPERATURE OF LOAD CURRENT 
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Performance Curves (See Figure 1, Test Circuit) 


SUPPLY CURRENT AS A FUNCTION OF 
OSCILLATOR FREQUENCY 
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(Continued) 


NOTE 4. These curves include in the supply current that current fed 
directly into the load R, from the V+ (See Figure 1). Thus, approxi- 
mately half the supply current goes directly to the positive side of the 
load, and the other half, through the |CL7662, to the negative side of 
the load. Ideally, Vout = 2Vin: Ig = 2l., so Vin xX Is = Vout » 4 I 


Circuit Description 


The ICL7662 contains all the necessary circuitry to complete 
a negative voltage converter, with the exception of 2 external 
capacitors which may be inexpensive 10yuF polarized 
electrolytic capacitors. The mode of operation of the device 
may be best understood by considering Figure 2, which 
shows an idealized negative voltage converter. Capacitor C, 
is charged to a voltage, V+, for the half cycle when switches 
S, and S3 are closed. (Note: Switches S. and S,4 are open 
during this half cycle.) During the second half cycle of 
operation, switches S, and Sy, are closed, with S, and S3 
open, thereby shifting capacitor C, negatively by V+ volts. 
Charge is then transferred from C, to Cy such that the 
voltage on Cz is exactly V+, assuming ideal switches and no 
load on Cy. The ICL7662 approaches this ideal situation 
more closely than existing non-mechanical circuits. 


In the ICL7662, the 4 switches of Figure 2 are MOS power 
switches; S, is a P-channel device and Sz, S3 & S4 are N- 
channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S3 & S, 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” 
resistances. In addition, at circuit startup, and under output 
short circuit conditions (Voy7 = V+), the output voltage must 
be sensed and the substrate bias adjusted accordingly. 
Failure to accomplish this would result in high power losses 
and probable device latchup. 


This problem is eliminated in the ICL7662 by a logic network 
which senses the output voltage (Voyr) together with the 
level translators, and switches the substrates of S3 & S, to 
the correct level to maintain necessary reverse bias. 


The voltage regulator portion of the ICL7662 is an integral 
part of the anti-latchup circuitry, however its inherent voltage 
drop can degrade operation at low voltages. Therefore, to 
improve low voltage operation the “LV” pin should be con- 
nected to GROUND, disabling the regulator. For supply volt- 
ages greater than 11 volts the LV terminal must be left open to 
insure latchup proof operation, and prevent device damage. 


ICL7662 


Co m 


10pF +L 


“For large value of Cosc (> 1000pF) 
the values of C, and Cz should be 
increased to 100pF. 


FIGURE 1. 1CL7662 TEST CIRCUIT 
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FIGURE 2. IDEALIZED NEGATIVE CONVERTER 
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Theoretical Power Efficiency Considerations 


In theory a voltage multiplier can approach 100% efficiency if 
certain conditions are met: 


A The drive circuitry consumes minimal power 


B The output switches have extremely low ON resistance 
and virtually no offset. 


C The impedances of the pump and reservoir capacitors 
are negligible at the pump frequency. 


The ICL7662 approaches these conditions for negative volt- 
age multiplication if large values of C1 and C2 are used. 
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE 
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE 
OCCURS. The energy lost is defined by: 


E = 1/2C, (V,? - Vo?) 


where V, and V> are the voltages on C, during the pump 
and transfer cycles. If the impedances of C, and Cz are rela- 
tively high at the pump frequency (refer to Figure 2) com- 
pared to the value of R,, there will be a substantial difference 
in the voltages V, and V5. Therefore it is not only desirable to 
make C2 as large as possible to eliminate output voltage rip- 
ple, but also to employ a correspondingly large value for C, 
in order to achieve maximum efficiency of operation. 


Do’s And Don’ts 
1. Do not exceed maximum supply voltages. 


2. Do not connect LV terminal to GROUND for supply volt- 
ages greater than 17 volts. 


3. When using polarized capacitors, the + terminal of C1 
must be connected to pin 2 of the ICL7662 and the + ter- 
minal of C2 must be connected to GROUND. 


4. If the voltage supply driving the 7662 has a large source 
impedance (25W - 30W), then a 2.2mF capacitor from pin 
6 to ground may be required to limit rate of rise of input 
voltage to less than 2V/ms. 


5. User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will occur 
under these conditions. 


A 1N914 or similar diode placed in parallel with Cy will pre- 
vent the device from latching up under these conditions. 
(Anode pin 5, Cathode pin 6). 


Typical Applications 
Simple Negative Voltage Converter 


The majority of applications will undoubtedly utilize the 
ICL7662 for generation of negative supply voltages. Figure 3 
shows typical connections to provide a negative supply 
where a positive supply of +4.5V to 20.0V is available. Keep 
in mind that pin 6 (LV) is tied to the supply negative (GND) 
for supply voltages below 11 volts. 


The output characteristics of the circuit in Figure 3a can be 
approximated by an ideal voltage source in series with a 
resistance as shown in Figure 3b. The voltage source has a 
value of -(V+). The output impedance (Ro) is a function of 
the ON resistance of the internal MOS switches (shown in 
Figure 2), the switching frequency, the value of C, and Co, 
and the ESR (equivalent series resistance) of C; and Co. A 
good first order approximation for Ro is: 


Ro = 2(Rswi + Rsw3 + ESRe}) 


+ 2(Rsweo + Rows + ESRe;) + + ESReo 


fpump X Cy 


fosc: 
ee cichlan Rswx = MOSFET switch resistance) 


f = 
(fpumP 3 


Combining the four Rsyx terms as Rew, we see that 


Ro =2x Row + 

fpump X Cy 
Roy, the total switch resistance, is a function of supply volt- 
age and temperature (See the Output Source Resistance 
graphs), typically 24Q @ +25°C and 15V, and 53Q @ +25°C 
and 5V. Careful selection of C; and Co will reduce the 
remaining terms, minimizing the output impedance. High 
value capacitors will reduce the 1/(fpyyp x C,) component, 
and low FSR capacitors will lower the ESR term. Increasing 
the oscillator frequency will reduce the 1/(fpymp x C,) term, 
but may have the side effect of a net increase in output 
impedance when C, > 10uF and there is no longer enough 
time to fully charge the capacitors every cycle. In a typical 
application where fogc = 10kHz and C = C, = Co = 10pF: 


1 
(5 x 10? x 10 x 10°) 
Ro = 46 + 20 +5 x ESR(Q 


+4x ESRe, + ESRo2Q 


Ro =2x23+ + 4ESRC1 + ESRC2 


Since the ESRs of the capacitors are reflected in the output 
impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1/(fpyyp x C,) term, rendering 
an increase in switching frequency or filter capacitance inef- 
fective. Typical electrolytic capacitors may have FSRs as 
high as 10Q. 

V+ 


ICL7662 


(a.) (b.) 


FIGURE 3. SIMPLE NEGATIVE CONVERTER AND ITS OUTPUT 
EQUIVALENT 
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Output Ripple | 


ESR also affects the ripple voltage seen at the output. The 
total ripple is determined by 2 voltages, A and B, as shown in 
Figure 4. Segment A is the voltage drop across the ESR of 
Cz at the instant it goes from being charged by C, (current 
flowing into Cz) to being discharged through the load 
(current flowing out of C,). The magnitude of this current 
change is 2 x Igyz, hence the total drop is 2 x loyy x ESReo 
volts. Segment B is the voltage change across Cy during 
time to, the half of the cycle when C, supplies current the 
load. The drop at B is Igyt X te/Co volts. The peak-to-peak 
ripple voltage is the sum of these voltage drops: 

1 


VRIPPLE = ( 4 ESRC, x lout ) 


2 X fpump X Co 


Again, a low ESR capacitor will result in a higher perfor- 
mance output. 
Paralleling Devices 


Any number of ICL7662 voltage converters may be 
paralleled (Figure 5) to reduce output resistance. The reser- 


voir capacitor, Co, serves all devices while each device 
requires its own pump capacitor, C,. The resultant output 
resistance would be approximately: | 


Rout (of ICL7662) 
n (number of devices) 


Rout = 


Cascading Devices 


The ICL7662 may be cascaded as shown in Figure 6 to pro- 
duce larger negative multiplication of the initial supply volt- 
age. However, due to the finite efficiency of each device, the 
practical limit is 10 devices for light loads. The output voltage 
is defined by: 


Vout = -A(Vin); 


where n is an integer representing the number of devices cas- 
caded. The resulting output resistance would be approximately 
the weighted sum of the individual ICL7662 Roy values. 


ICL7662 


ICL7662 
bal » Ha 


FIGURE 5. PARALLELING DEVICES 


FIGURE 6. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE 
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Changing the ICL7662 Oscillator Frequency 


It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter- 
nal clock, as shown in Figure 7. In order to prevent possible 
device latchup, a 1kW resistor must be used in series with 
the clock output. In the situation where the designer has 
generated the external clock frequency using TTL logic, the 
addition of a 1OkW pullup resistor to V+ supply is required. 
Note that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 


It is also possible to increase the conversion efficiency of the 
ICL7662 at low load levels by lowering the oscillator fre- 
quency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, COSC, as shown in 
Figure 8. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (C1) and reservoir (C2) capacitors; this is overcome 
by increasing the values of C1 and C2 by the same factor 
that the frequency has been reduced. For example, the addi- 
tion of a 100pF capacitor between pin 7 (OSC) and V+ will 
lower the oscillator frequency to 1kHz from its nominal fre- 
quency of 10kHz (a multiple of 10), and thereby necessitate 
a corresponding increase in the value of C1 and C2 (from 
10mF to 100mF). 


ICL7662 


yt 


Cosc 
ICL7662 


FIGURE 8. LOWERING OSCILLATOR FREQUENCY 
Positive Voltage Doubling 


The ICL7662 may be employed to achieve positive voltage 
doubling using the circuit shown in Figure 9. In this applica- 
tion, the pump inverter switches of the ICL7662 are used to 
charge C, to a voltage level of V+ -V- (where V+ is the sup- 


ply voltage and Vr is the forward voltage drop of diode D,). 
On the transfer cycle, the voltage on C, plus the supply volt- 
age (V+) is applied through diode Cy to capacitor Co. The 
voltage thus created on Cy becomes (2V+) (2Vf) or twice the 
supply voltage minus the combined forward voltage drops of 
diodes D, and Do. 


The source impedance of the output (Voyr) will depend on 
the output current, but for V+ = 15 volts and an output cur- 
rent of 10mA it will be approximately 70 ohms. 


ICL7662 
6] Vout = 
5 | 


1 
2 
2 (2V+) - (2Ve) 
4 | 5 


NOTE: D, and Dz can be any suitable diode. 


FIGURE 9. POSITIVE VOLTAGE DOUBLER 


V+ 


Vout = 
- (NVin - Vepx) 


8) 
ICL7662 C3 


6 
5. Vout = (2V+) - 
(Vep1) - (Vep2) 


FIGURE 10. COMBINED NEGATIVE CONVERTER AND POSI- 
TIVE DOUBLER 


Combined Negative Voltage Conversion and Positive 
Supply Doubling 


Figure 10 combines the functions shown in Figures 3 and 
Figure 9 to provide negative voltage conversion and positive 
voltage doubling simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts from an 
existing +5 volt supply. In this instance capacitors C, and C3 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors Cy 
and C, are pump and reservoir respectively for the doubled 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 
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Voltage Splitting 


The bidirectional characteristics can also be used to split a 
higher supply in half, as shown in Figure 11. The combined 
load will be evenly shared between the two sides and, a high 
value resistor to the LV pin ensures start-up. Because the 
switches share the load in parallel, the output impedance is 
much lower than in the standard circuits, and higher currents 
can be drawn from the device. By using this circuit, and then 
the circuit of Figure 6, +30V can be converted (via +15V, and 
-15V) to a nominal -30V, although with rather high series out- 
put resistance (~250Q). 


Regulated Negative Voltage Supply 


in some cases, the output impedance of the ICL7662 can be 
a problem, particularly if the load current varies substantially. 
The circuit of Figure 12 can be used to overcome this by 
controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con- 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7662’s output does not respond instantaneously to a 
change in input, but only after the switching delay. The circuit 
shown supplies enough delay to accommodate the ICL7662, 
while maintaining adequate feedback. An increase in pump 
and storage capacitors is desirable, and the values shown 
provides an output impedance of less than 5Q to a load of 
10mA. 


Other Applications 


Further information on the operation and use of the ICL7662 
may be found in A051 “Principles and Applications of the 
ICL7660 CMOS Voltage Converter”. 
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FIGURE 11. SPLITTING A SUPPLY IN HALF 
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FIGURE 12. REGULATING THE OUTPUT VOLTAGE 
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Features 


Guaranteed 101A Maximum Quiescent Current Over 
All Temperature Ranges 


Wider Operating Voltage Range - 1.6V to 16V 


Guaranteed Line and Load Regulation Over Entire 
Operating Temperature Range Optional 


1% Output Voltage Accuracy (ICL7663SA) 

Output Voltage Programmable from 1.3V to 16V 
Improved Temperature Coefficient of Output Voltage 
40mA Minimum Output Current with Current Limiting 


Output Voltages with programma Negative Temper- 
ature Coefficients 


Output Shutdown via Current-Limit Sensing or Exter- 
nal Logic Level 


Low Input-to-Output Voltage Differential 


Improved Direct Replacement for Industry Standard 
ICL7663B and Other Second-Source Products 


Applications 


Low-Power Portable Instrumentation 
Pagers 

Handheld Instruments 

LCD Display Modules 

Remote Data Loggers 


Baitery-Powered Systems 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


8 LEAD DIP & SOIC TEMPERATURE 
TOP VIEW PART NUMBER RANGE PACKAGE 
| ICL7663SCBA | 0°C to +70°C }8LeadSOIC Lead SOIC 
SENSE 4 | 8 | Vint HoLreeesone | 8 ae Mini-DIP 
Veus Fi Vic ICL7663SCJA 8 Lead Ceramic DIP 
ICL7663SACPA 8 Lead Mini-DIP 
Vout: L3J [6] Vser 
ICL7663SACJA 8 Lead Ceramic DIP 
GND [4] 15] SHDN 
ICL7663SIBA -25°C to +85°C 8 Lead SOIC 
ICL7663SIPA 8 Lead Mini-DIP 
ICL7663SIJA 8 Lead Ceramic DIP 
ICL7663SAIPA 8 Lead Mini-DIP 
ICL7663SAIJA 8 Lead Ceramic DIP 


Description 


The ICL7663S Super Programmable Micropower Voltage 
Regulator is a low power, high efficiency positive voltage 
regulator which accepts 1.6V to 16V inputs and provides 
adjustable outputs from 1.3V to 16V at currents up to 40mA. 


It is a direct replacement for the industry standard ICL7663B 
offering wider operating voltage and temperature ranges, 
improved output accuracy (ICL7663SA), better temperature 
coefficient, guaranteed maximum supply current, and 
guaranteed line and load regulation. All improvements are 
highlighted in the electrical characteristics section. Critical 
parameters are guaranteed over the entire commercial 
and industrial temperature ranges. The |ICL7663S/SA 
programmable output voltage is set by two external resistors. 
The 1% reference accuracy of the ICL7663SA eliminates the 
need for trimming the output voltage in most applications. 


The ICL7663S is well suited for battery powered supplies, 
featuring 4 nA quiescent current, low Vix, to Voyr differential, 
output current sensing and logic input level shutdown 
control. In addition, the ICL7663S has a_ negative 
temperature coefficient output suitable for generating a 
temperature compensated display drive voltage for LCD 
displays. 


The ICL7663S is available in either an 8-pin Plastic DIP, 
Ceramic DIP, or SOIC package. 


Ordering Information 
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Specifications ICL7663S 


Absolute Maximum Ratings - 
Input Supply Voltage. ... 0... cece ee eee eee eee ee +18V Storage Temperature Range.................4. -65°C to +150°C 


Any Input or Output Voltage (Note 1) Lead Temperature (Soldering 10s) .................08. +300°C 
‘Terminals 1,2, 3,5,6,7.......... . +» Vint0.3V to GND-0.3V Operating Temperature Range 
Output Source Current : Total Power Dissipation (Note 2) 
TOHMIPAl 2 oases acid wdc edicr wa eid te sey awe oes 50mA Ceramic DIP Package ........-. ccc cece cece ees 500mW 
Terminal S..¢ eed oo bee eee eis ane tae wa ee eee 25mA MinI-DIP Package: «ices eins 6 oes ete No ee esas 200mW 
Output Sinking Current SOIC ideas a ey fie eae ea ees Dad wre acess 200mW 
TOUMNWIAN 7 soos hae W eco out ecae RSTO Ee eS -10mA 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range 
IG“ 7 663SC oie Seren ead hone one wt ear eae 0°C to +70°C 
ICL7G63Sliwsc ois ee wide teases sees -25°C to +85°C 


Electrical Specifications Specifications below applicable to both ICL7663S and ICL7663SA, Unless Otherwise Specified. 
V+in = 9V, Vout = 5V, Ta = +25°C, Unless Otherwise Specified. See Test Circuit, Figure 1 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS 


Cwan[ tye _[_wax_| unrrs 


Input Voltage V+ ICL7663S 
eS 
ee ee 
Quiescent Current 1.4V < Voyrz < 8.5V, No Load 
a oe 
a rocco 
Vset | lout: = 100HA, Vout = Vser 


ICL7663SA Ta = +25°C . 


Temperature AVset 0°C < Ty < +70°C 
Line Regulation AVset 2V < Vin < 15V 0°C < Ty < +70°C 
Vsez Input Current 0°C < Ty < +70°C 


Iset 
[Shutdown input Curent | _loyon 
Shutdown Input Voltage Vsoon | Vsuon HI: Both Voy7 Disabled 
[Sense Pininput Curent | _Toense _| 


Input-Output Saturation Rear V+in = 2V, lout, = 1mA 
Resistance (Note 3) Vin = 9V, lout; = 2mA 
a V+in = 15V, loyy, = SMA 
Load Regulation AVout 1mA < loyt2 < 20MA 
Available Output Current loure 
(Vouta) 


7-102 


> 


Mm 


> 


= ETE 


Reference Voltage 


V 


>| > 


Specifications ICL7663S 


Electrical Specifications Specifications below applicable to both ICL7663S and ICL7663SA, Unless Otherwise Specified. 
V-+iw = 9V, Vour = 5V, Ta = +25°C, Unless Otherwise Specified. See Test Circuit, Figure 1 (Continued) 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS 


Negative Tempco Output Open Circuit Voltage 
(Note 4) Maximum Sink Current 
AT 


_MIN | 
Eafe 
oa 
bad 
ee 
oes 


Minimum Load Current ILMIN) Includes Vge7 Divider Ta = +25°C 
0°C < Ty < +70°C 
NOTES: 


-25°C < Ty < +85°C 


1. Connecting any terminal to voltages greater than (V+, + 0.3V) or less than (GND - 0.3V) may cause destructive device latch-up. It is 
recommended that no inputs from sources operating on external power supplies be applied prior to |CL7663S power-up. 


2. Derate linearly above +50°C at 5mW/C for Plastic Mini-DIP, 7.5mW/°C for TO-99 can, and 10mW/°C for Ceramic DIP. 


3. This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential at low current 
(under 5mA), can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this 
resistance. 


4. This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at Vse7, a negative 
coefficient results in the output voltage. See Figure 3 for details. Pin will not source current. 


5. All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. 
6. All significant improvements over the industry standard ICL7663 are highlighted. 


Functional Diagram 

ues Vig peridioeiasis oe 
| 26 VoutT2 
<e 16 SENSE 

a So Vser 

| [=} p+ 

od = O SHUTDOWN 
° 40 GND 
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Typical Performance Characteristics 


Vout2 OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT Vout; INPUT-OUTPUT DIFFERENTIAL vs. OUTPUT CURRENT 
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ree TEN E 
5 4975 PER miceonrenn 3 
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aoss LU TTI TM TTT TT 
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Detailed Description 


The ICL7663S is a CMOS integrated circuit incorporating all 
the functions of a voltage regulator plus protection circuitry 
on a single monolithic chip. Referring to the Functional Dia- 
gram, the main blocks are a bandgap-type voltage reference, 
an error amplifier, and an output driver with both PMOS and 
NPN pass transistors. 


The bandgap output voltage, trimmed to 1.29V + 15mV for 
the ICL7663SA, and the input voltage at the Vs¢7 terminal 
are compared in amplifier A. Error amplifier A drives a 
P-channel pass transistor which is sufficient for low (under 
about 5mA) currents. The high current output is passed by 
an NPN bipolar transistor connected as a follower. This 
configuration gives more gain and lower output impedance. 


Logic-controlled shutdown is implemented via a N-channel 
MOS transistor. Current-sensing is achieved’ with 
comparator C, which functions with the Voyto terminal. The 
ICL7663S has an output (V7c) from a buffer amplifier (B), 
which can be used in combination with amplifier A to 
generate programmable-temperature-coefficient output 
voltages. 


The amplifier, reference and comparator circuitry all operate 
at bias levels well below 1pA to achieve extremely low 
quiescent current. This does limit the dynamic response of 
the circuits, however, and transients are best dealt with 
outside the regulator loop. 


Basic Operation 


The ICL7663S is designed to regulate battery voltages in the 
5V to 15V region at maximum load currents of about 5mA to 
30mA. Although intended as low power devices, power dissi- 
pation limits must be observed. For example, the power dis- 
sipation in the case of a 10V supply regulated down to 2V 
with a load current of 30mA clearly exceeds the power dissi- 
pation rating of the Mini-DIP: 


(10 - 2) (30) (1079) = 240mW 
The circuit of Figure 2 illustrates proper use of the device. 


CMOS devices generally require two precautions: every 
input pin must go somewhere, and maximum values of 
applied voltages and current limits must be rigorously 
observed. Neglecting these precautions may lead to, at the 
least, incorrect or nonoperation, and at worst, destructive 
device failure. To avoid the problem of latchup, do not apply 
inputs to any pins before supply voltage is applied. 


Input Voltages - The ICL7663S accepts working inputs of 
1.5V to 16V. When power is applied, the rate-of-rise of the 
input may be hundreds of volts per microsecond. This is 
potentially harmful to the regulators, where internal operat- 
ing currents are in the nanoampere range. The 0.047pF 
capacitor on the device side of the switch will limit inputs to a 
safe level around 2V/us. Use of this capacitor is suggested in 
all applications. In severe rate-of-rise cases, it may be advis- 
able to use an RC network on the SHutDowN pin to delay 
output turn-on. Battery charging surges, transients, and 
assorted noise signals should be kept from the regulators by 
RC filtering, zener protection, or even fusing. 


Ret Vout 
Ro 
0.047 ,F (7663 ONLY) 
= AL CL 

5, Ry 

1pA MIN 

SON 
S3 
2 1.4V < Vgnpn < V+in 
NOTES: 


1. S, when closed disables output current limiting. 
2. Close Sp for Voyt;, open Sz for Voyto. 
3. Ro +R, 

Vout = 


Vset- 


4. |Q quiescent currents measured at GND pin by meter M. 
5. S, when ON, permits normal operation, when OFF, shuts 
down both VouT1 and Voute: 


FIGURE 1. ICL7663S TEST CIRCUIT 


Output Voltages - The resistor divider Ro/R, is used to 
scale the reference voltage, Vser, to the desired output using 
the formula Voyr = (1 + Ro/R;) Vserz. Suitable arrangements 
of these resistors, using a potentiometer, enables exact 
values for Voyr to be obtained. In most applications the 
potentiometer may be eliminated by using the ICL7663SA. 
The ICL7663SA has Vg_e7 voltage guaranteed to be 1.29V 
+15mV and when used with +1% tolerance resistors for R, 
and Rz the initial output voltage will be within +2.7% of ideal. 


The low leakage current of the Vg¢7 terminal allows R, and 
R» to be tens of megohms for minimum additional quiescent 
drain current. However, some load current is required for 
proper operation, so for extremely low-drain applications it is 
necessary to draw at least 1A. This can include the current 
for Ro and R;. 


Output voltages up to nearly the Vi,y supply may be obtained 
at low load currents, while the low limit is the reference 
voltage. The minimum input-output differential in each 
regulator is obtained using the Voyrz,, terminal. The input- 
output differential increases to 1.5V when using Voyto. 


Output Currents - Low output currents of less than 5mA are 
obtained with the least input-output differential from the 
VouT1 terminal (connect Voyte to Voyr:). Where higher cur- 
rents are needed, use Voyte (Voyti, should be left open in 
this case). 


High output currents can be obtained only as far as package 
dissipation allows. It is strongly recommended that output 
current-limit sensing be used in such cases. 


Current-Limit Sensing - The on-chip comparator (C in the 
Functional Diagram) permits shutdown of the regulator 
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output in the event of excessive current drain. As Figure 2 
shows, a current-limiting resistor, Ro,, is placed in series 
with Vourte and the SENSE terminal is connected to the load 
side of Rco_. When the current through Ro, is high enough to 
produce a voltage drop equal to Vo, (0.5V) the voltage 
feedback is by-passed and the regulator output will be 
limited to this current. Therefore, when the maximum load 
current (l_oap) is determined, simply divide Vo, by ILoap to 
obtain the value for Ro. 


Viyy SENSE 


| FIGURE 2. POSITIVE REGULATOR WITH CURRENT LIMIT 


Logic-Controllable Shutdown - When equipment is not 
needed continuously (e.g., in remote data-acquisition 
systems), it is desirable to eliminate its drain on the system 
until it is required. This usually means switches, with their 
unreliable contacts. Instead, the ICL7663S can be shut 
down by a logic signal, leaving only lg (under 4A) as a drain 
on the power source. Since this pin must not be left open, it 
should be tied to ground if not needed. A voltage of less than 
0.3V for the ICL7663S will keep the regulator ON, and a 
voltage level of more than 1.4V but less than V+), will turn 
the outputs OFF. If there is a possibility that the control 
signal could exceed the regulator input (V+;\y) the current 
from this signal should be limited to 100A maximum by a 
high value (1MQ) series resistor. This situation may occur 
when the logic signal originates from a system powered 
separately from that of the regulator. 


Additional Circuit Precautions - This regulator has poor 
rejection of voltage fluctuations from AC sources above 10Hz or 
so. To prevent the output from responding (where this might be 
a problem), a reservoir capacitor across the load is advised. 
The value of this capacitor is chosen so that the regulated out- 
put voltage reaches 90% of its final value in 20ms. From: 

AV (20 x 10°) lout 


7G = lout 


At 0.9Vour Vout 


In addition, where such a capacitor is used, a current-limiting 
resistor is also suggested (see “Current-Limit Sensing’). 


l= C 0.022 


Producing Output Voltages with Negative Temperature 
Coefficients - The ICL7663S has an additional output which 
is 0.9V relative to GND and has a tempco of +2.5mV/°C. By 
applying this voltage to the inverting input of amplifier A (i.e., 
the Vs_er7 pin), output voltages having negative TC may be 
produced. The TC of the output voltage is controlled by the 
R,/R3 ratio (see Figure 3 and its design equations). 


EQ. 1: Vout = Vset 


(1 “2 ) Re (Veer Vic) 
+ + - 
R, R3 SET TC 


R 
EQ.2: TCVoyr= - = (TC Vr¢) in mv/PC 
3 


Where: Vset = 1.3V 
Vic = 0.9V 
TCVt¢> = +2.5mV/°C 


FIGURE 3. GENERATING NEGATIVE TEMPERATURE 
COEFFICIENTS 


Applications 
Boosting Output Current with External Transistor 


The maximum available output current from the ICL7663S is 
40mA. To obtain output currents greater than 40mA, an exter- 
nal NPN transistor is used connected as shown in Figure 4. 


EXTERNAL PIN 
V+in Yours POWER 
TRANSISTOR 


FIGURE 4. BOOSTING OUTPUT CURRENT WITH EXTERNAL 
TRANSISTOR 
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Generating a Temperature Compensated Display Drive 
Voitage 


Temperature has an important effect in the variation of temperature compensated display voltage, Vpisp can be 
threshold voltage in multiplexed LCD displays. As generated using the ICL7663S. This is shown in Figure 5 for 
temperature rises, the threshold voltage goes down. For the ICM7233 triplexed LCD display driver. 

applications where the display temperature varies widely, a 


LOGIC 
SYSTEM, 
PROCESSOR, 
ETC. 


ICM7233 


FIGURE 5. GENERATING A MULTIPLEXED LCD DISPLAY DRIVE VOLTAGE 
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Features 


Guaranteed 10uA Maximum Quiescent Current Over 
Temperature 


Guaranteed Wider Operating Voltage Range Over 
Entire Operating Temperature Range 


2% Threshold Accuracy (ICL7665SA) 
Dual Comparator with Precision Internal Reference 


100ppm/°C Temperature Coefficient of Threshold 
Voltage 


Improved Direct Replacement for Industry Standard 
ICL7665B and Other Second Source Devices 


Output Current Sinking Ability.......... Up to 20mA 


Individually Programmable Upper and Lower Trip 
Voltages and Hysteresis Levels 


Applications 


Pocket Pagers 

Portable Instrumentation 
Charging Systems 
Memory Power Back-Up 
Battery Operated Systems 
Portable Computers 


Level Detectors 


Description 


The ICL7665S Super CMOS Micropower Over/Under 
voltage Detector Contain two low power, individually 
programmable voltage detectors on a single CMOS chip. 
Requiring typically 3A for operation, the device is intended 
for battery-operated systems and instruments which require 
high or low voltage warnings, settable trip points, or fault 
monitoring and correction. The trip points and hysteresis of 
the two voltage detectors are individually programmed via 
external resistors. An internal bandgap-type reference 
provides an accurate threshold voltage while operating from 
any supply in the 1.6V to 16V range. 


The ICL7665S, Super Programmable Over/Under voltage 
Detector is a direct replacement for the industry standard 
ICL7665B offering wider operating voltage and temperature 
ranges, improved threshold accuracy (ICL7665SA), and 
temperature coefficient, and guaranteed maximum supply 
current. All improvements are highlighted in the electrical 
characteristics section. All critical parameters are 
guaranteed over the entire commercial and industrial 
temperature ranges. 


Pinouts Ordering Information 
8 LEAD DIP AND SOIC TEMPERATURE 
TOP VIEW PART NUMBER RANGE 
JICL7665SCBA 0° to +70°C 8 Lead SOIC 
OUT 1 Vv 
a Oh nn 8 Lead Mini-DIP 
HYST1 | 2) OUT 2 
ICL7665SCJA 8 Lead CERDIP 
SET1 [31 16} SET 2 
ICL7665SACPA 8 Lead Mini-DIP 
GND | 4| 15] HYST 2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


8 Lead CERDIP 
8 Lead SOIC 

8 Lead Mini-DIP 
8 Lead CERDIP 
8 Lead Mini-DIP 
8 Lead CERDIP 


ICL7665SACJA 
ICL7665SIBA -25°C to +85°C 


ICL7665SIPA 
ICL7665SIJA 
ICL7665SAIPA 
ICL7665SAIJA 


3182 


File Number 
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Specifications ICL7665S 


Absolute Maximum Ratings 


Supply Voltage (Note 2)... 2.0... cee eee eee eee -0.3 to+18V Maximum Source Output Current 

Output Voltages OUT1 and OUT2 ................ -0.3V to 18V HYST1 and AYST2:. okies ses 4S des wee ee bos -25mA 
(with respect to GND) (Note 2) Storage Temperature Range................4. -65°C to +150°C 

Output Voltages HYST1 and HYST2............. -0.3V to+18V Lead Temperature (Soldering 10s) ...............00085 +300°C 
(with respect to V+) (Note 2) Maximum Package Power Dissipation at +125°C 

Input Voltages SET1 and SET2...... (GND-0.3V) to (V+ V- +0.3V) SONG aistc Grats tara ee niet Cee areedt Uebel se ted beg 4 200mW 
(Note 2) Minit DIP on sce yee tahoe els dankacy ates wo pees 200mW 

Maximum Sink Output OUT1 and OUT2 ................. 25mA CERDIP 146i caessaa eae ee oe ae meee means 500mW 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range 
IGL766SSC 6 cots cand os rel Ce os Rae eae OC to+70°C ICLVG65S! yoo ws so eekeeve este odode tawee -25°C to +85°C 


Electrical Specifications The specifications below are applicable to both the ICL7665S and ICL7665SA. V+ = 5V, T, = +25°C, Test 


Circuit Figure 1. Unless Otherwise Specified 
LIMITS 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Operating Supply Voltage ICL7665S a eee ee 
-25°C < Ty $ +85°C 
a | 0°C < Ty < +70°C 
| ve < Ty $ +85°C 
Supply Current GND < Vser1, Vset2 $ V+, All Outputs Open Circuit 
Input Trip Voltage ICL7665S 


ICL7665SA 
AVser | ICL7665S 
a ICL7665SA 


AVset | Routi» Route, Ruyst1, Renyste = 1MQ, 
AV 2V < V+< 10V 
S 


VouT1 


oO 


Temperature Coefficient of 
Vset 


Supply Voltage Sensitivity of 
Vset1, Vset2 


Output Leakage Currents of 
OUT and HYST 


>| > 


=, 
>| > 


Output Saturation Voltages 
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Specifications ICL7665S 


Electrical Specifications The specifications below are applicable to both the ICL7665S and ICL7665SA. V+ = 5V, Ts = +25°C, Test 


Circuit Figure 1. Unless Otherwise Specified (Continued) 
LIMITS 


PARAMETER SYMBOL TEST CONDITIONS 


Output Saturation Voltages Vuyst1 | Vser1 =2V, Er ee Ce ee 
tense [vesey L005 [ots Tv 
Vout2 
V+ =5V . 
V+ = 15V 


Vuyst2 | Vset2 =2V V+ = 2V, luyst2 = -0.2mA 
V+ = 5V, luyvsto = -0.5mA 


< 


Output Saturation Voltages 


Output Saturation Voltages 


V+ = 15V, luyste =-0.5mA 


Vser Input Leakage Current GND < Vserz < V+ 
A Input for Complete Output AVseEt Rout = 4.7kQ, ICL7665S 
Ruyst = 20kQ, 


Change 
VourLO = 1% V4, ICL7665SA 
VoutHl = 99%V+ 
Difference in Trip Voltages VseT1 - Rout» Ruyst = 1mMW 
Vset2 


Output/Hysteresis Rout, Ruyst = 1MW | ICL7665S 
Difference ICL7665SA 


1. Derate above +25°C ambient temperature at 4mW/°C 


2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater than 
(V+ +0.3V) or less than (GND - 0.3V) may cause destructive device latchup. For these reasons, it is recommended that no inputs from 
external sources not operating from the same power supply be applied to the device before its supply is established, and that in multiple 
supply systems, the supply to the ICL7665S be turned on first. If this is not possible, current into inputs and/or outputs must be limited to 
+0.5mA and voltages must not exceed those defined above. 


3. All significant improvements over the industry standard ICL7665 are highlighted. 


256 | 
C10 


< 


0.10 | 
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pO 
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| 08 
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AC Electrical Specifications 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | | MAX UNITS 


OUTPUT DELAY TIMES 


Input Going HI Vser Switched between 1.0V to 1.6V 
Rout = 4,7kQ, CL = 12pF 


Ruyst = 20kQ, Cy = 12pF 


Vser Switched between 1.6V to 1.0V 
Rout = 4.7kQ, CL = 12pF 
Ruyst = 20kQ, Cy = 12pF 


Input Going LO | teora | 
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AC Electrical Specifications (Continued) 


LIMITS 
PARAMETER is TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Output Rise Times | tow | Veer Switched between 1.0V to 1.6V 
Rout = = 4.7kQ, C. = = 12pF 
Ruyst = = 20kQ, C, = = 12pF 


Vse7 Switched between 1.0V to 1.6V 
Rout = 4.7kQ, CL = 12pF 
Ruyst = 20kQ, CL = 12pF 


Output Fall Times 


“add [eae ea ok 
OlN NP Oo 


9 HYST1 


D V+ 
i ny 
SET1 © ee o HYST2 


5 OUT2 
SET2 © 
2 OUTI 
bap 
2 GND 
CONDITIONS* 


Ver; > 1.3V, OUT1 Switch ON, HYST1 Switch ON 
Vser: > 1.3V, OUT1 Switch OFF, HYST1 Switch OFF 
Vget2 > 1.3V, OUT2 Switch OFF, HYST2 Switch ON 

VseT2 > 1.3V, OUT2 Switch ON, HYST2 Switch OFF 


“See Operating Characteristics for exact thresholds. 
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Typical Performance Characteristics 


~OUT1 SATURATION VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 


VOLTAGE SATURATION (V) 


Igy yOUT1 (mA) 


HYST1 OUTPUT SATURATION VOLTAGE 
vs. HYST1 OUTPUT CURRENT 


(A) SDVLIOA NOLLVYNLVS LNdLNO LLSAH 


HYST1 OUTPUT CURRENT (mA) 


SUPPLY CURRENT AS A FUNCTION 
OF AMBIENT TEMPERATURE 


SUPPLY CURRENT (1A) 


-25 0 +20 +40 +60 
AMBIENT TEMPERATURE (°C) 
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VOLTAGE SATURATION (V) 


SUPPLY CURRENT (pA) 


OUT2 SATURATION VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 


IoyTOUT2 (mA) 


HYST2 OUTPUT SATURATION VOLTAGE 
vs. HYST2 OUTPUT CURRENT 


HYST2 OUTPUT CURRENT (mA) 


SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 


(A) SDVLIOA NOLLVYNLIVS LNdLNO ZLSAH 


0 2 4 6 8 10 12 14 
SUPPLY VOLTAGE (V+) 
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Detailed Description 


As shown in the Functional Diagram, the ICL7665S consists 
of two comparators which compare input voltages on the 
SET1 and SET2 terminals to an internal 1.3V bandgap 
reference. The outputs from the two comparators drive open- 
drain N-channel transistors for OUT1 and OUT2, and open- 
drain P-channel transistors for HYST1 and HYST2 outputs. 
Each section, the Under Voltage Detector and the Over 
Voltage Detector, is independent of the other, although both 
use the internal 1.3V reference. The offset voltages of the 
two comparators will normally be unequal so Vor, will 
generally not quite equal Vseqo. 


The input impedance of the SET1 and SET2 pins are 
extremely high, and for most practical applications can be 
ignored. The four outputs are open-drain MOS transistors, 
and when ON behave as low resistance switches to their 
respective supply rails. This minimizes errors in setting up 
the hysteresis, and maximizes the output flexibility. The 
operating currents of the bandgap reference and the 
comparators are around 100nA each. 


FIGURE 1. TEST CIRCUITS 


Precautions 


Junction isolated CMOS devices like the ICL7665S have an 
inherent SCR or 4-layer PNPN structure distributed through- 
out the die. Under certain circumstances, this can be 
triggered into a potentially destructive high current mode. 
This latchup can be triggered by forward-biasing an input or 
Output with respect to the power supply, or by applying 
excessive supply voltages. In very low current analog cir- 
Cuits, such as the ICL7665S, this SCR can also be triggered 
by applying the input power supply extremely rapidly 
(“instantaneously”), e.g. through a low impedance battery 
and an ON/OFF switch with short lead lengths. The rate-of- 
rise of the supply voltage can exceed 100V/us in such a cir- 
cuit. A low impedance capacitor (e.g., 0.05uF disc ceramic) 


between the V+ and GND pins of the ICL7665S can be used 
to reduce the rate-of-rise of the supply voltage in battery 
applications. In line operated systems, the rate-of-rise of the 
supply is limited by other considerations, and is normally not 
a problem. 


lf the SET voltages must be applied before the supply 
voltage V+, the input current should be limited to less than 
0.5mA by appropriate external resistors, usually required for 
voltage setting anyway. A similar precaution should be taken 
with the outputs if it is likely that they will be driven by other 
circuits to levels outside the supplies at any time. See M011 
for some other protection ideas. 


Vsert ———_—______——  1.6y 
INPUT _Vser2_| are 1.0V 


tsoid totr 
torr —P t V+ 
GND 
tsHid tot y 
tH1 r a 
4 ee (SV) 
HYST1 tSuid FOP PP ee a) GND 
tso2d tSo2d 
tozr i toe (eV) 
QUT 2 = mmr || |e - = = ~~ GND 
tsH2d tSH2d 
tHor ed a ty ev 
HYST2 wreerr7 GND 


FIGURE 2. SWITCHING WAVEFORMS 


Simple Threshold Detector 


Figure 3 shows the simplest connection of the ICL7665S for 
threshold detection. From the graph (b), it can be seen that 
at low input voltage OUT1 is OFF, or high, while OUT2 is 
ON, or low. As the input rises (e.g., at power-on) toward 
Vnom (usually the eventual operating voltage), OUT2 goes 
high on reaching Vrpp. If the voltage rises above Voy as 
much as Vr_;, OUT1 goes low. The equation giving Vser, 
and Vcero are from Figure 3(a): 


Ri Rie 


Vser1 = Vin —— ; Voe12 = Vin OO 
SET1 = VIN (Ry, + Roy) SET2 = VIN (Rio + Res) 


Since the voltage to trip each comparator is nominally 1.3V, 
the value Vix for each trip point can be found from 


(Ryy + Roy) 13 (Ryy + Roy) 


Vrrai = Vsers for detector 1 
Ry Ray 
and 
Rio +R Ry2+R 
Vireo = Vsete [Ria + Rea) _ 4g ret Re) tor detector 2 


Rye Rye 
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OUT1 


V+ 3 
OUT2 


a.) Circuit Configuration 


SET1 


Vout 


VNoM Vint 


-— DETECTOR 2 + DETECTOR 1 — 


b.) Transfer Characteristics 
FIGURE 3. SIMPLE THRESHOLD DETECTOR 


Either detector may be used alone, as well as both together, 
in any of the circuits shown here. 


Vrr2 


When Vix is very close to one of the trip voltage, normal 
variations and noise may cause it to wander back and forth 
across this level, leading to erratic output ON and OFF 
conditions. The addition of hysteresis, making the trip points 
slightly different for rising and falling inputs, will avoid this 
condition. 


Threshold Detector with Hysteresis 


Figure 4(a) shows how to set up such hysteresis, while 
Figure 4(b) shows how the hysteresis around each trip point 
produces switching action at different points depending on 
whether Vin is rising or falling (the arrows indicated direction 
of change. The HYST outputs are basically switches which 
short out R3; or R39 when Vix is above the respective trip 


Vin 


V+ 4 
HYST2 = 


SET2 


ee VV ne 


OUT1 OUT2 


OVERVOLTAGE OVERVOLTAGE 


Rat Ri2 


a.) Circuit Configuration 


OUT 


Vi2 Vue Vir Vur 


JFF Vin 


VNoM 


- DETECTOR 2 — DETECTOR 1 — 


b.) Transfer Characteristics 
FIGURE 4. THRESHOLD DETECTOR WITH HYSTERESIS 


point. Thus if the input voltage rises from a low value, the trip 
point will be controlled by Rj,, Roy, and Rg, until the trip 
point is reached. As this value is passed, the detector 
changes state, Rs3, is shorted out, and the trip point 
becomes controlled by only R,, and Ro,, a lower value. The 
input will then have to fall to this new point to restore the 
initial comparator state, but as soon as this occurs, the trip 
point will be raised again. 


An alternative circuit for obtaining hysteresis is shown in 
Figure 5. In this configuration, the HYST pins put the extra 
resistor in parallel with the upper setting resistor. The values 
of the resistors differ, but the action is essentially the same. 
The governing equations are given in Table 1. These ignore 
the effects of the resistance of the HYST outputs, but these 
can normally be neglected if the resistor values are above 
about 100kQ. 
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VIN 


Rp =. 
+ 
Ro; ° 


OUT1 OUT2 
HYST1 HYST2 


SET1 SET2 


FIGURE 5. AN ALTERNATIVE HYSTERESIS CIRCUIT 


TABLE 1. SET-POINT EQUATIONS 
NO HYSTERESIS 


Over-Voltage Vrpip 


Over-Voltage Vrpip = 


HYSTERESIS PER FIGURE 4(a) 


Ry; + Roy + R31 
Vu = _.s “F2XVoeert 
Ri 


Over-Voltage Vrpip 


Ry, + Roy 


X Vsery 
R, 1 


Ryo + Rae + R32 
—————__ XVsete 
Ryo 

Under-Voltage Vrpip 


Rio + Roo 
——_ XVsete2 


HYSTERESIS PER FIGURE 5 


Ry, + Roy 
Vur = a _s >2XVoeT1 
Ry 


Over-Voltage Vrrip 
RayRay 
Ry + 
Ra, +Rg, X Vser 


Ry 


Ryo + Roo 


X Vseto 
Ry2 


Over-Voltage VrRip 

RoaRa2 
et SS 
Vi2 = Roo + R32 X VsEt2 


Ri2 
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Applications 
Single Supply Fault Monitor 


Figure 6 shows an over/under voltage fault monitor for a 
single supply. The over voltage trip point is centered around 
5.5V and the under voltage trip point is centered around 
4.5V. Both have some hysteresis to prevent erratic output 
ON and OFF conditions. The two outputs are connected ina 
wired OR configuration with a pullup resistor to generate a 
power OK signal. 


9 +5V SUPPLY 


V+ 
HYST2 


HYST1 


Vset1 VsET2 | 


| ouT1 ouT2 OPEN VOLTAGE 
: DETECTOR 
OPEN VOLTAGE V+ ee 
DETECTOR aaa 
Vy = 5.55V 
Vi = 5.45V 


oer 
FIGURE 6. FAULT MONITOR FOR A SINGLE SUPPLY 
Multiple Supply Fault Monitor 


The ICL7665S can simultaneously monitor several supplies 
when connected as shown in Figure 7. The resistors are 
chosen such that the sum of the currents through Roya, 
Roip, and R3, is equal to the current through R,;, when the 
two input voltage are at the desired low voltage detection 
point. The current through R,, at this point is equal to 1.3V/ 
R,,. The voltage at the Vgey input depends on the voltage of 
both supplies being monitored. The trip voltage of one 
supply while the other supply is at the nominal voltage will be 
different that the trip voltage when both supplies are below 
their nominal voltages. 


the other side of the ICL7665S can be used to detect the 
absence of negative supplies. The trip points for OUT1 
depend on both the negative supply voltages and the actual 
voltage of the +5V supply. 


0 +5V 


V+ 
HYST2 


HYST1 


Vset1  Vset2 


OUT1 OUT2 


POWER 
OK 


FIGURE 7. MULTIPLE SUPPLY FAULT MONITOR 
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Combination Low Battery Warning and Low 
Battery Disconnect 


When using rechargeable batteries in a system, it is 
important to keep the batteries from being overdischarged. 
The circuit shown in Figure 8 provides a low battery warning 
and also disconnects the low battery from the rest of the 
system to prevent damage to the battery. OUT1 is used to 
shutdown the ICL7663S when the battery voltage drops to 
the value where the load should be disconnected. As long as 
Vser, is greater than 1.3V, OUT1 is low, but when Vsge_7, 
drops below 1.3V, OUT1 goes high shutting off the 
ICL7663S. OUT2 is used for low battery warning. When 
Vseto is greater than 1.3V, OUT2 is high and the low battery 
warning is on. When Vsero drops below 1.3V, OUT2 is low 
and the low battery warning goes off. The trip voltage for low 
battery warning can be set higher than the trip voltage for 
shutdown to give advance low battery warning before the 
battery is disconnected. 


R31 
Vv 
HYST1 


Ry 


OUT1 GND OUT2 


|-_-—————Hlllk 
| 


UNREGULATED 
DC INPUT 


HYST1 


VseT1 


OUTI 


Power Fail Warning and Powerup/Powerdown Reset 


Figure 9 shows a power fail warning circuit with powerup/ 
powerdown reset. When the unregulated DC input is above 
the trip point, OUT1 is low. When the DC input drops below 
the trip point, OUT1 shuts OFF and the power fail warning 
goes high. The voltage on the input of the 7805 will continue 
to provide 5V out at 1A until Vij is less than 7.3V, this circuit 
will provide a certain amount of warning before the 5V output 
begins to drop. 


The ICL7665S OUT2 is used to prevent a microprocessor 
from writing spurious data to a CMOS battery backup mem- 
ory by causing OUT2 to go low when the 7805 5V output 
drops below the ICL7665S trip point. 


+5V 
1A 


SHUTDOWN 


LOW BATTERY WARNING 


BACKUP 
BATTERY 


RESET OR 
WRITE 
ENABLE 


POWER 
FAIL 
WARNING 


FIGURE 9. POWER FAIL WARNING AND POWERUP/POWERDOWN RESET 
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Simple High/Low Temperature Alarm 


Figure 10 illustrates a simple high/low temperature alarm 
which uses the ICL7665S with an NPN transistor. The 
voltage at the top of R, is determined by the Vpe of the 
transistor and the position of R,’s wiper arm. This voltage 
has a negative temperature coefficient. R, is adjusted so 
that Vsero equals 1.3¥V when the NPN transistor’s 
temperature reaches the temperature selected for the high 
temperature alarm. When this occurs, OUT2 goes low. Rp is 
adjusted so that Vse7,; equals 1.3V when the NPN 
transistors temperature reaches the temperature selected 
for the low temperature alarm. When the temperature drops 
below this limit, OUT1 goes low. 


TEMPERATURE 
SENSOR 
(GENERAL PURPOSE 
NPN TRANSISTOR) 


_—— 
” . 
o . 


10KQ 
HIGH 
TEMPERATURE 
LIMIT ADJUST 


HYST1 HYST2 | 


VseT1 


OUT1 


AC Power Fail and Brownout Detector 


Figure 11 shows a circuit that detects AC undervoltage by 
monitoring the secondary side of the transformer. The 
capacitor, C,, is charged through R, when OUT1 is OFF. 
With a normal 100 VAC input to the transformer, OUT1 will 
discharge C, once every cycle, approximately every 16.7ms. 
When the AC input voltage is reduced, OUT1 will stay OFF, 
so that C,; does not discharge. When the voltage on C, 
reaches 1.3V, OUT2 turns OFF and the power fail warning 
goes high. The time constant, R,C,, is chosen such that it 
takes longer than 16.7ms to charge C, 1.3V. 


=I 
5V 


LOW TEMPERATURE 
LIMIT ADJUST 


Vset2 


OUT2 


ALARM SIGNAL 
FOR DRIVING 
LEDS, BELLS, 
ETC. 


FIGURE 10. SIMPLE HIGH/LOW TEMPERATURE ALARM 


20V 


4700uF T 


CENTERED 
110VAC ! TAPPED = 
60Hz TRANS. 


HYST1 


HYST2 


750S 
5V REGULATOR 


POWER FAIL 
WARNING 


FIGURE 11. AC POWER FAIL AND BROWNOUT DETECTOR 


7-117 


a 
Bs 
Co 
On 
m2 
<0 
fe 
WS 
ro 
a. 


FARRIS 


SEMICONDUCTOR. 


ICL7673 


Automatic Battery Back-Up Switch 
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May 1992 


Features 


e Automatically Connects Output to the Greater of 
Either Input Supply Voltage 


e If Main Power to External Equipment is Lost, Circuit 
Will Automatically Connect Battery Backup 


e Reconnects Main Power When Restored 

e Logic Indicator Signaling Status of Main Power 

e Low Impedance Connection Switches 

¢ Low Internal Power Consumption 

Wide Supply Range: ........... ween 2.5V to 15V 


e Low Leakage Between Inputs 


External Transistors May Be Added if Very Large 
Currents Need to Be Switched 


Applications 


e On Board Battery Backup for Real-Time Clocks, Tim- 
ers, or Volatile RAMs . 


¢ Over/Under Voltage Detector 
e Peak Voltage Detector 


e Other Uses: 


- Portable Instruments, Portable Telephones, Line 
Operated Equipment 


Pinouts 


Description 


The Harris ICL7673 is a monolithic CMOS battery backup 
circuit that offers unique performance advantages over con- 
ventional means of switching to a backup supply. The 
1CL7673 is intended as a low-cost solution for the switching 
of systems between two power supplies; main and battery 
backup. The main application is keep-alive-battery power 
switching for use in volatile CMOS RAM memory systems 
and real time clocks. In many. applications this circuit will rep- 
resent a low insertion voltage loss between the supplies and 
load. This circuit features low current consumption, wide 
operating voltage range, and exceptionally low leakage 
between inputs. Logic outputs are provided that can be used 
to indicate which supply is connected and can also be used 
to increase the power switching capability of the circuit by 
driving external PNP transistors. 


Ordering Information 


3 Functional Block Diagram 
8 LEAD SOIC AND MINI-DIP 
TOP VIEW 
Vp o ; ——0 Vo 
Vo a 8. Vp 
Vs 12! [7] NC Vs ¢ ie 
SBAR [3_ 16} PBAR > Sbar 
GON [4, [5] NC cas na 
8 LEAD TO-99 Dp. Be- be. 
TOP VIEW t Pbar 


VP > VS, P1 SWITCH ON AND Pbar SWITCH ON 
VS > VP, P2 SWITCH ON AND Sbar SWITCH ON 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications ICL7673 


Absolute Maximum Ratings 


Input Supply (Vp or Vs) Voltage ............ GND - 0.3V to+18V Continuous Current 

Output Voltages P,,, aNd Spar... ee ee eee eee GND - 0.3V to +18V Input Vp (at Vp = 5V) See Note... ..... eee eee eee 38mA 

Peak Current Input Ve(at Ves SV): cashed sci hasxaee ee sse teeeales 30mA 
Input Vp (at Vp = 5V) See Note. .... 2... ee ee ee eee eee 38mMA PDAl OR SOOM a4 oad tin den GGike b intw de, Gabe tarerere weet 50mA 
INDUL Ve (ab V ge BV )esseioi e's atc twsuiaeie ie ererewnsanarones 30mA Package Dissipation ........ 0.0... cece cee eee eens 300mW 
Pbar Of Sbalis 200 3-% cee she 8 Paes eee eee Ve oe ees 150miA > Deal 75o405 5 os. coset ae wee sew eee dt eS hed eemete 6.1mW/C 


NOTE: Derate above +25°C by 0.38mA/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Temperature Range: 

IGL76T OC (eet et niente een ae taeeeee an 0°C to+70°C Storage Temperature. ...... 0... ce eee ce ee -65°C to +150°C 
ICUTO1 Sle 50255.e8nyhisewc ore leant ew ess -25°C to +85°C Lead Temperature (Soldering, 10s)..............-..0005 300°C 


Electrical Specifications (T, = +25°C Unless Otherwise Specified) 
LIMITS 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX UNITS 


Input Voltage Vp Vs = OV, ILoap = OMA ; 


Vp = OV, ILoap = OMA 
Quiescent Supply Current Vp = OV, Vg = 3V, ILoap = OMA 
Switch Resistance P1 (Note 1) Ras(on)P 1 | Vp = 5V, Vs = 3V, ILoap = 15MA 


At Ty = 85°C 
Vp = QV, Vs = 3V, ILoaD = 15mA 
Vp = 12V, Vs = 3V, lLoab = 15mA 


Temperature Coefficient of Switch To(P1) Vp = 5V, Vg = 38V, Loan = 15MA 
Resistance P1 


Switch Resistance P2 (Note 1) Ras(on)P2 | Vp = OV, Vs = 3V, ILoap = 1MA 


< 


= 
> 


%l°C 


os ae) 
oy; om 


At Ty = 85°C 
Vp = OV, Vs = 5V, lLoap =1mA 
Vp = OV, Vs = QV, ILoaD =1mA 


Temperature Coefficient of Switch Toya) Vp = OV, Vs = 8V, ILoap = IMA 
Resistance P2 


lL(ps) Vp = 5V Vs = 3V, ILoaD =10mA 
At Tap = 85°C 


Leakage Current (Vp to Vs) lisp) Vp = OV, Vs = 3V, lLoap = 10MA 
at Ta, = 85°C 


Open Drain Output Saturation Vp = 5V, Vg = 8V, Igink = 3.2MA, lLoap = OMA 


%/°C 


Leakage Current (Vp to Vs) 


= 
< 


Voltages 


3 
< 


At Ta = 85°C 
Vp = 9V Vs = 3V, Isink = 3.2mA, lLoaD = OmA 


Vp = 12V, Vs = 3V, IsInK =3.2mA 
ILoap = OMA 


oe 
<|< 


=e _ oOo] 6. oO — 
ft 
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Specifications ICL7673 


Electrical Specifications (T, = +25°C Unless Otherwise Specified) (Continued) 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | 


Open Drain Output Saturation Vp = OV, Vs = 8V, Igink = 3.2MA, ILoap = OMA |} = | 150 | 400 | mv | 


Voltages 
= at Ta = 85°C p= jot - | mw | 
Vp = OV, Vs = 5V, Isink = 3.2mA lLoAD = OmA 
Vp = OV, Vs = 9V, Isink = 3.2mA ILOAD = OmA 


Output Leakage Currents of Pha, lLPbar Vp = OV, Vs = 15V, ILoap = OMA P| 
dS 

and bar atT,=85°C a 

Vp = 15V, Vs = OV, Ioap = OMA Fe 


at Ta = 85°C 


Switchover Uncertainty for Com- Vp-Vs Vs = 3V, Iginx = 3.2MA, lioap = 15MA 
plete Switching of Inputs and 
Open Drain Outputs 


NOTE: 
1. The Minimum input to output voltage can be determined by multiplying the load current by the switch resistance. 


Typical Performance Characteristics 


oO -~ 
” 
= = 
fe) < 
2 S 
r S 
r z Ce SERS SEN SS GN CA SE 
” < i Ae EC A A Se EE 
77) pam ee 
s a Se 
Oo 
yO OW Pe DD 
ar RRR 
1 
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 
INPUT VOLTAGE Vp (v) INPUT VOLTAGE Vs 
ON-RESISTANCE SWITCH P1 AS A FUNCTION ON-RESISTANCE SWITCH P2 AS A FUNCTION 
OF INPUT VOLTAGE Vp OF INPUT VOLTAGE Vz, 


< 
° 
il 


SUPPLY CURRENT (MICROAMPERES) 


») SRE 
NAN NT 
a ie 


OUTPUT SATURATION VOLTAGE (V) 


0.4 2 
12 | meen 40°C 
. “a oa r) 
a ee me + 
', 
“~AREEEEEE ori il |i tt i | 
0 2 4 6 8 10 12 14 16 0 80 120. 140 180 
SUPPLY VOLTAGE (V) OUTPUT CURRENT (mA) 
SUPPLY CURRENT AS A FUNCTION OF SUPPLY VOLTAGE Pbar OR Sbar SATURATION VOLTAGE AS A FUNCTION OF 
OUTPUT CURRENT 
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Detailed Description 


As shown in the functional diagram (Figure 1), the ICL7673 
includes a comparator which senses the input voltages Vp 
and Vs. The output of the comparator drives the first inverter 
and the open-drain N-channel transistor Pp, The first 
inverter drives a large P-channel switch, P1, a second 
inverter, and another open-drain N-channel transistor, Spar. 
The second inverter drives another large P-channel switch 
P2. The ICL7673, connected to a main and a backup power 
supply, will connect the supply of greater potential to its out- 
put. The circuit provides break-before-make switch action as 
it switches from main to backup power in the event of a main 
power supply failure. For proper operation, inputs Vp and Vz 
must not be allowed to float, and, the difference in the two 
supplies must be greater than 50 millivolts. The leakage cur- 
rent through the reverse biased parasitic diode of switch Pp 
is very low. 


Output Voltage 


The output operating voltage range is 2.5 to 15 volts. The 
insertion loss between either input and the output is a func- 
tion of load current, input voltage, and temperature. This is 
due to the P-channels being operated in their triode region, 
and, the ON-resistance of the switches is a function of output 
voltage Vo. The ON-resistance of the P-channels have posi- 
tive temperature coefficients, and therefore as temperature 
increases the insertion loss also increases. At low load cur- 
rents the output voltage is nearly equal to the greater of the 
two inputs. The maximum voltage drop across switch P1 or 


P2 is 0.5 volts, since above this voltage the body-drain para- 
sitic diode will become forward biased. Complete switching 
of the inputs and open-drain outputs typically occurs in 50 
microseconds. 


Input Voltage 


The input operating voltage range for VP or VS is 2.5 to 15 
volts. The input supply voltage (VP or VS) slew rate should 
be limited to 2 volts per microsecond to avoid potential harm 
to the circuit. In line-operated systems, the rate-of-rise (or 
fall) of the supply is a function of power supply design. For 
battery applications it may be necessary to use a capacitor 
between the input and ground pins to limit the rate-of-rise of 
the supply voltage. A low-impedance capacitor such as a 
0.047yF disc ceramic can be used to reduce the rate-of-rise. 


Status Indicator Outputs 


The N-channel open drain output transistors can be used to 
indicate which supply is connected, or can be used to drive 
external PNP transistors to increase the power switching 
Capability of the circuit. When using external PNP power 
transistors, the output current is limited by the beta and ther- 
mal characteristics of the power transistors. The application 
section details the use of external PNP transistors. 


Applications 


A typical discrete battery backup circuit is illustrated in Fig- 
ure 3. This approach requires several components, substan- 
tial printed circuit board space, and high labor cost. It also 
consumes a fairly high quiescent current. The ICL7673 bat- 
tery backup circuit, illustrated in Figure 4, will often replace 
such discrete designs and offer much better performance, 
higher reliability, and lower system manufacturing cost. A 
trickle charge system could be implemented with an addi- 
tional resistor and diode as shown in Figure 5. A complete 
low power AC to regulated DC system can be implemented 
using the ICL7673 and ICL7663S micropower voltage regu- 
lator as shown in Figure 6. 


+5 VOLTS 2 Vo 
PRIMARY +5 VOLT OR 
DC POWER +3 VOLT 


9 STATUS 
INDICATOR 


GNDo 


FIGURE 1. DISCRETE BATTERY BACKUP CIRCUIT 


Applications for the ICL7673 include volatile semiconductor 
memory storage systems, real-time clocks, timers, alarm 
systems, and over/under the voltage detectors. Other sys- 
tems requiring DC power when the master AC line supply 
fails can also use the ICL7673. 
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ICL7673 


+5 VOLT ¢ 


e Vo 
PRIMARY 
+5 VOLTS OR 
SUPPLY +3 VOLTS 
>, Phar 
STATUS 
LITHIUM —L INDICATOR 
BATTERY — 


GND o 


FIGURE 2. ICL7673 BATTERY BACKUP CIRCUIT 


° Vo 
+5 VOLTS OR 
+3 VOLTS 


RECHARGEABLE — 
BATTERY == 


GND © 


FIGURE 3. APPLICATION REQUIRING RECHARGEABLE 


BATTERY BACKUP 
aa 
BRIDGE 
D | RECTIFIER 
120/240 
vAC | 


STEPDOWN 
TRANSFORMER 


A typical application, as illustrated in Figure 7, would be a 
microprocessor system requiring a 5 volt supply. In the event 
of primary supply failure, the system is powered down, anda 
3 volt battery is employed to maintain clock or volatile mem- 
ory data. The main and backup supplies are connected to Vp 
and Vs, with the circuit output Vo supplying power to the 
clock or volatile memory. The ICL7673 will sense the main 
supply, when energized, to be of greater potential than Vs 
and connect, via its internal MOS switches, Vp to output Vo. 
The backup input, Vs will be disconnected internally. In the 
event of main supply failure, the circuit will sense that the 
backup supply is now the greater potential, disconnect Vp 
from Vo, and connect Vs. 


Figure 8 illustrates the use of external PNP power transistors 
to increase the power switching capability of the circuit. In 
this application the output current is limited by the beta and 
thermal characteristics of the power transistors. 


If hysteresis is desired for a particular low power application, 
positive feedback can be applied between the input Vp and 
open drain output S,,,, through a resistor as illustrated in Fig- 
ure 9. For high power applications hysteresis can be applied 
as shown in Figure 10. 


The ICL7673 can also be used as a clipping circuit as illus- 
trated in Figure 11. With high impedance loads the circuit 
output will be nearly equal to the greater of the two input sig- 
nals. 


Vp 
> Vo 
4 6 > 


= BATTERY 
STACK 


FIGURE 4. POWER SUPPLY FOR LOW POWER PORTABLE AC TO DC SYSTEMS 
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POWER 
FAIL 
DETECTOR 


INTERRUPT SIGNAL 
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FIGURE 5. TYPICAL MICROPROCESSOR MEMORY APPLICATION 
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ICL7673 
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EXTERNAL 
EQUIPMENT 
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BACKUP © 
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FIGURE 6. HIGH CURRENT BATTERY BACKUP SYSTEM 
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BATTERY +L 
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FIGURE 7. LOW CURRENT BATTERY BACKUP SYSTEM WITH HYSTERESIS 
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FIGURE 9. CLIPPLING CIRCUITS 
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May 1992 | | Programmable Voltage Detectors 
Features | Description 
¢ High Accuracy Voltage Sensing and Generation The Harris |CL8211/8212 are micropower bipolar monolithic 


integrated circuits intended primarily for precise voltage 

detection and generation. These circuits consist of an 

¢ Low Sensitivity to Supply Voltage and Temperature accurate voltage reference, a comparator and a pair of 
Variations | output buffer/drivers. 


e Internal Reference 1.15V Typical 


Wide Supply Voltage Range Typ. 1.8V to 30V Specifically, the |CL8211 provides a 7mA current limited out- 
put sink when the voltage applied to the ‘THRESHOLD’ 
terminal is less than 1.15V (the internal reference). The 


Essentially Constant Supply Current Over Pull Supply 


Voltage Range ICL8212 requires a voltage in excess of 1.15V to switch its 
e Easy to Set Hysteresis Voltage Range output on (no current limit). Both devices have a low current 
; output (HYSTERESIS) which is switched on for input 
¢ Defined Output Current Limit ICL8211 voltages in excess of 1.15V. The HYSTERESIS output may 
¢ High Output Current Capability ICL8212 be used to provide positive and noise free output switching 
using a simple feedback network. | 
Applications 


Ordering Information 


[earrwuwacn | “mance | PACKAGE 
PART NUMBER RANGE 

peceerzcen 
poceerecry 
pecseraw 


e Low Voltage Sensor/Indicator 


e High Voltage Sensor/indicator 


e Nonvolatiie Out-of-Voltage Range Sensor/Indicator 
e Programmable Voltage Reference or Zener Diode 

e Series or Shunt Power Supply Regulator 

e Fixed Value Constant Current Source 


ICL8212CBA 0°C to +70°C 8 lead SOIC 
0°C to +70°C ~3——sYgYq TO-99 Can 
-55°C to +125°C TO-99 Can 


* Add /883B to part number if 883B processing is required 


Pinouts 
8 LEAD MINI-DIP AND SOIC 8 LEAD TO-99 CAN 
TOP VIEW | . TOP VIEW 
HYSTERESIS 
Nc [1 18] V+ 
HYSTERESIS [2 [7] NC 
THRESHOLD [3| 16] NC 
OUTPUT [4| [5] GROUND 
GROUND 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 31 84 . 
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Functional Diagram 
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Specifications ICL8211, ICL8212 


Absolute Maximum Ratings 


Supply Voltage .......... ccc cece cece eee e eens -0.5V to+30V Lead Temperature (Soldering, 10s)................0000. 300°C 

Output Voltage... 2... cee ec ee ee eee -0.5V to+30V Current into Any Terminal. ............... cee cece cece + 30mA 

Hysteresis Voltage ......... cece ee eee ee eee eee +0.5V to-10V_ Lead Temperature (Soldering, 10s) 300°CMaximum Package Power 

Threshold Input Voltage ............. +30V to -5V with respectto Dissipation (Notes 1 and 2)......... 0... cc ewe eee eee 300mW 
GROUND and +0V to -30V with respect to V+ 

Current into Any Terminal. ............. 00. cece eee eens + 30mA 

NOTES: 


1. Rating applies for case temperatures to +125°C to ICL8211 MTY/8212MTY products. Derate linearly at -10mW/°C for ambient tempera- 
tures above 100°C. 


2. Derate linearly above 50°C by -10mW/C for ICL8211C/ICL8212C products. The threshold input voltage may exceed 17V for short 
periods of time. However, for continuous operation this voltage must be maintained at a value less than 7V. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range StorageTemperature Range ...............0.. -65°C to +150°C 
ICL8211M/8212M......... 2... eee e ee eee -55°C to +125°C 
IGLB21 1G/B212G ioe dic ak siete Sate eae tego eee ane 0°C to +70°C 


Electrical Specifications v-+ = 5V, T, = +25°C Unless Otherwise Specified 


ran _[snm| este [ast Poor [aa [| 
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Threshold Voltage 
Disparity Between 


V+ = 30V 
Output & Hysteresis 


Vrup | lour = 4mA- 
luyst = 7mA 
— | Vout = 2V 
Output . Vuyst = 3V , 


ly Vol R 
Supply Voltage Range 0°C to +70°C 


(Note 5) 


Threshold Voltage Tem- AV )/AT lout = 4mA, Vout =2V 
perature Coefficient 
Variation of Threshold AVyy/AV+ | AV+ = 10% at V+ = 5V 
Voltage with Supply 
Voltage 
Threshold Input Current tH Vry = 1.15V 
| Vay = 1.00V 


Output Leakage Current lox | Vout = 30V Vry = 0.9V 
Vry = 1.3V 
7 Vour.= 5V Vry = 0.9V 


Minimum Operating 
Supply Voltage Range 


oo ieee e ary are 
= ololo 


I+ 
no 
ro) 
oS 
I+ 
NS 
S 


ND 
i) 


VoH = 1 3V 
Output Saturation Vsar lout =4mA VrH = 0.9V . 
Voltage 

Vry = 1.3V 


So 
_ 
N 
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ICL8211, ICL8212 


Electrical Specifications V+ = 5V, T, = +25°C Unless Otherwise Specified (Continued) 


oo 
Max Available Output (Notes 3 & 4) VrH = 0.9V 


Hysteresis Leakage ILHYsS V+ = 10V, Vry = 1.0V 
Current Vuyst = GND 


Hysteresis Sat Voltage luyst = -7mMA, 
measured with 
respect to V+ 


NOTES: 


3. The maximum output current of the ICL8211 is limited by design to 15mA under any operating conditions. The output voltage may be 
sustained at any voltage up to +30V as long as the maximum power dissipation of the device is not exceeded. 


4. The maximum output current of the ICL8212 is not defined. And systems using the ICL8212 must therefore ensure that the output current 
does not exceed 30mA and that the maximum power dissipation of the device is not exceeded. 
UNITS 


5. Threshold Trip Voltage is 0.80V(min) to 1.30V(mas). At loy7 = 3mA. 


A 
A 


Electrical Specifications ICL8211MTY/8212MTY  v+ = 5V, T, =-55°C to +125°C 


ICL8211 ICL8212 
PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX, 


veiw Cd 
| ex 


© | 


+ 

i 
';o 
oD 
< 


Threshold Trip Voltage Vi | lout = 2mA V+=2.8V | 0.80 1.30 | 0.80 130} vi | 
Vogue ov 
aur V+=30V | 0.80 1.30 | 0.80 130] vi | 


Guaranteed Operating Vsuppry | (Note 5) 
Supply Voltage Range 


Threshold Input Current TH VrH = 1.15V 


louk Vout = 30V Vy = 0.8V 
VrH = 1.3V 
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Output Leakage Current 


> 


Output Saturation 
Voltage 


Max Available Output 


Current Vout = 5V 


S 
> 


Hysteresis Leakage ILHYS V+=10V Vry = 0.8V mA 
Current Vuyst = GND 
Hysteresis Saturation VHYS(MAX) V 
Voltage measured with 

respect to V+ 
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10,000 


THRESHOLD INPUT CURRENT (nA) 


THRESHOLD INPUT CURRENT AS A 
FUNCTION OF THRESHOLD VOLTAGE 
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THRESHOLD VOLTAGE (V7p) 


(IRREGULAR SCALE) 


ICL8211, ICL8212 
Typical Performance Characteristics (\CL8211 and ICL8212) | 
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Typical Performance Characteristics 
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HYSTERESIS OUTPUT SATURATION CURRENT 
AS A FUNCTION OF TEMPERATURE 


(OR -0.5V WITH RESPECT 
TO V+ SUPPLY) 


HYSTERESIS OUTPUT CURRENT (1A) 
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(ICL8211 ONLY) 
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OUTPUT CURRENT (mA) 


SUPPLY CURRENT AS A FUNCTION 
OF THRESHOLD VOLTAGE 
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THRESHOLD VOLTAGE (V7) 
(IRREGULAR SCALE) 


OUTPUT SATURATION CURRENTS AS A 
FUNCTION OF THRESHOLD VOLTAGE 
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Typical Performance Characteristics (\CL8211 ONLY) (Continued) 


THRESHOLD VOLTAGE TO TURN OUTPUTS “JUST ON” THRESHOLD VOLTAGE TO TURN OUTPUTS “JUST ON” 
AS A FUNCTION OF TEMPERATURE AS A FUNCTION OF SUPPLY VOLTAGE 


THRESHOLD VOLTAGE 
THRESHOLD VOLTAGE 


lo = 1ImA, Vout = +5V 
lhys = -7pA, Vist = OV 


55 -25 +5 +35 +65 +495 +125 
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OUTPUT SATURATION CURRENT AS A OUTPUT CURRENT AS A FUNCTION 
FUNCTION OF TEMPERATURE OF OUTPUT VOLTAGE 


OUTPUT CURRENT (mA) 
OUTPUT CURRENT (mA) 


V+=4+5V 
VryH = 1.1V 
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HYSTERESIS OUTPUT CURRENT AS A FUNCTION 
OF HYSTERESIS OUTPUT VOLTAGE 


HYSTERESIS OUTPUT CURRNET (pA) 


.00 -0.10 -0.01 
HYSTERESIS OUTPUT VOLTAGE 


7-129 


ICL8211, ICL8212 


Typical Performance Characteristics (\CL8212 ONLY) | | 
SUPPLY CURRENT AS A FUNCTION SUPPLY CURRENT AS A FUNCTION 


OF SUPPLY VOLTAGE | OF THRESHOLD VOLTAGE 
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Typical Performance Characteristics Detailed Description 
(ICL8212 ONLY) (Continued) The ICL8211 and ICL8212 use standard linear bipolar 
OUTPUT SATURATION VOLTAGE AND CURRENT integrated circuit technology with high value thin film 
AS A FUNCTION OF TEMPERATURE resistors which define extremely low value currents. 


Components Q, through Q;9 and R;, Ro and Rg set up an 
accurate voltage reference of 1.15V. This reference voltage 
OUTPUT SAT. is close to the value of the bandgap voltage for silicon and is 


sree highly stable with respect to both temperature and supply 
o=4. 


voltage. The deviation from the bandgap voltage is 
necessary due to the negative temperature coefficient of the 


one ; ‘ i 
VOLTAGE SAT. thin film resistors (-5000 ppm per °C). 


CURRENT Components Q, through Qg and Ry make up a constant 
flo stoma) current source; Qz and Qs, are identical and form a current 
mirror. Qg has 7 times the emitter area of Qg, and due to the 
current mirror, the collector currents of Qg and Qg are forced 
to be equal and it can be shown that the collector current in 
Qs and Qg is 


OUTPUT SATURATION VOLTAGE 


kT 
In7 


xX 


55 -25 +5 +35 +65 +95 +125 IC (Qg or Qg) = 


R2 
TEMPERATURE (°C) 


or approximately 1A at +25°C 


OUTPUT CURRENT AS A FUNCTION OF OUTPUT VOLTAGE Where k = Boltzman’s Constant 


q = Charge on an Electron 
and T = Absolute Temperature in °K 


Transistors Qs, Qg, and Q; assure that the Vog of Qz3, Qy, 
and Qg remain constant with supply voltage variations. This 
ensures a constant current supply free from variations. 


The base current of Q, provides sufficient start up current for 
the constant source; there being two stable states for this 
type of circuit - either ON as defined above, or OFF if no 
start up current is provided. Leakage current in the transis- 
tors is not sufficient in itself to guarantee reliable startup. 


Q, is matched to Q3 and Q5; Qj is matched to Qg. Thus the 
IC and Vee of Qio are identical to that of Qg or Qg. To 
jGus  conaedane generate the bandgap voltage, it is necessary to sum a 
Baas VOLTAGE voltage equal to the base emitter voltage of Qg to a voltage 
proportional to the difference of the base emitter voltages of 
two transistors Qg and Qg operating at two current densties. 


OUTPUT CURRENT (mA) 
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HYSTERESIS OUTPUT CURRENT AS A FUNCTION 


R kT 
OF HYSTERESIS OUTPUT VOLTAGE Thus 1.5 = Vag (Qg OF Qo) + = x 
q 


R3 
which provides: cers = 12 (approximately.) 


The total supply current consumed by the voltage reference 
section is approximately 6A at room temperature. A voltage 
at the THRESHOLD input is compared to the reference 1.15V 
by the comparator consisting of transistors Q,, through Q,7. 
The outputs from the comparator are limited to two diode 
drops less than V+ or approximately 1.1V. Thus the base cur- 
rent into the hysteresis output transistor is limited to about 
500nA and the collector current of Qy9 to 100A. 


HYSTERESIS OUTPUT CURRENT (1A) 


In the case of the ICL8211, Q., is proportioned to have 70 
-10.00 -1.00 -0.10 -0.01 times the emitter area of Qo thereby limiting the output 
HYSTERESIS OUTPUT VOLTAGE current to approximately 7mA, whereas for the ICL8212 
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almost all the collector current of Qy9 is available for base 
drive to Qo;, resulting in a maximum available collector 
current of the order of 30mA. It is advisable to externally limit 
this current to 25mA or less. | 


Applications 


The ICL8211 and ICL8212 are similar in many respects, espe- 
cially with regard to the setup of the input trip conditions and 
hysteresis circuitry. The following discussion describes both 
devices, and where differences occur they are clearly noted. 


General Information 
Threshold Input Considerations 


Although any voltage between -5V and V+ may be applied to 
the THRESHOLD terminal, it is recommended that the 
THRESHOLD voltage does not exceed about +6V since 
above that voltage the threshold input current increases 
sharply. Also, prolonged operation above this voltage will 
lead to degradation of device characteristics. 


The outputs change states with an input THRESHOLD 
voltage of approximately 1.15V. Input and output waveforms 
are shown in Figure 1 for a simple 1.15V level detector. 


o V+ 


INPUT VOLTAGE 
(RECOMMENDED 


(V+ MUST BE 
RANGE -5 TO +5V) EQUAL OR 


EXCEED 1.8V) 


VTH ° 


1.15V 


ae meee ign 
OV 1CL8211 OUTPUT 


i Ae ae 2 ig 
OV ICL8212 OUTPUT 


FIGURE 1. VOLTAGE LEVEL DETECTION 


The HYSTERESIS output is a low current output and is 
intended primarily for input threshold voltage hysteresis 
applications. If this output is used for other applications it is 
suggested that output currents be limited to 10pA or less. 


The regular OUTPUT’s from either the ICL8211 or ICL8212 
may be-used to drive most of the common logic families such 


as TTL or CMOS using a single pullup resistor. There is a 
guaranteed TTL fanout of 2 for the ICL8211 and 4 for the 
ICL8212. 


A principal application of the ICL8211 is voltage level 
detection, and for that reason the OUTPUT current has been 
limited to typically 7MA to permit direct drive of an LED 
connected to the positive supply without a series current 
limiting resistor. | 


On the other hand the ICL8212 is intended for applications 
such as programmable zener references, and voltage 
regulators where output currents well in excess of 7mA are 
desirable. Therefore, the output of the ICL8212 is not current 
limited, and if the output is used to drive an LED, a series 
current limiting resistor must be used. 


In most applications an input resistor divider network may be 
used to generate the 1.15V required for Vr. For high accu- 
racy, currents as large as 501A may be used, however for 
those applications where current limiting may be desirable, 
(such as when operating from a battery) currents as low as 
6mA may be considered without a great loss of accuracy. 
6mA represents a practical minimum, since it is about this 
level where the device’s own input current becomes a signifi- 
cant percentage of that flowing in the divider network. 


V+¢ 


VtH 
° PULLUP RESISTOR 


CMOS OR 
TTL GATES 


INPUT © 


FIGURE 3. INPUT RESISTOR NETWORK CONSIDERATIONS 


Case 1. High accuracy required, current in resistor network 
unimportant Set | = 50pA for Vy = 1.15V .«. R; > 
20kQ 


Case 2. Good accuracy required, current in resistor network 
important Set | = 7.5yA for Vry = 1.15V .. Ry > 
150kQ ie 
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V+ 9 


INPUT ° 


INPUT 
VOLTAGE 


Input voltage to change to output states 


2 yee) 446 
1 
FIGURE 4. RANGE OF INPUT VOLTAGE GREATER THAN 
+1.15 VOLTS 


Setup Procedures For Voltage Level Detection 
Case 1. Simple voltage detection no hysteresis 


Unless an input voltage of approximately 1.15V is to be 
detected, resistor networks will be used to divide or multiply 
the unknown voltage to be sensed. Figure 5 shows 
procedures on how to set up resistor networks to detect 
INPUT VOLTAGES of any magnitude and polarity. 


MAY BE ANY STABLE VOLTAGE 
VOLTAGE REFERENCE 
> GREATER THAN 1.15V 


VREF (+VE) 


Range of input voltage less than +1.15V 
Input voltage to change the output states == 


(Ry + Ro) x 1.15 RoVrer 
: R, Ry 


FIGURE 5. INPUT RESISTOR NETWORK SETUP 
PROCEDURES 


For supply voltage level detection applications the input 
resistor network is connected across the supply terminals as 
shown in Figure 6. 


D V+ 


Ro 
INPUT pee 
SUPPLY VOLTAGE 


Ry 
e Vo 


FIGURE 6. COMBINED INPUT AND SUPPLY VOLTAGES 
Case 2. Use of the HYSTERESIS function 


The disadvantage of the simple detection circuits is that 
there is a small but finite input range where the outputs are 
neither totally ‘ON’ nor totally ‘OFF’. The principle behind 
hysteresis is to provide positive feedback to the input trip 
point such that there is a voltage difference between the 
input voltage necessary to turn the outputs ON and OFF. 


The advantage of hysteresis is especially apparent in 
electrically noisy environments where simple but positive 
voltage detection is required. Hysteresis circuitry, however, is 
not limited to applications requiring better noise performance 
but may be expanded into highly complex systems with 
multiple voltage level detection and memory applications- 
refer to specific applications section. 


There are two simple methods to apply hysteresis to a circuit 
for use in supply voltage level detection. These are shown in 
Figure 7. 


The circuit (a) of Figure 7 requires that the full current 
flowing in the resistor network be sourced by the 
HYSTERESIS output, whereas for circuit (6) the current to 
be sourced by the HYSTERESIS output will be a function of 
the ratio of the two trip points and their values. For low 
values of hysteresis, circuit (b) is to be preferred due to the 
offset voltage of the hysteresis output transistor. 


A third way to obtain hysteresis (ICL8211 only) is to connect 
a resistor between the OUTPUT and the THRESHOLD 
terminals thereby reducing the total external resistance 
between the THRESHOLD and GROUND when the 
OUTPUT is switched on. 


Practical Applications 
a) Low Voltage Battery Indicator (Figure 8) 


This application is particularly suitable for portable or remote 
operated equipment which requires an indication of a depleted 
or discharged battery. The quiescent current taken by the sys- 
tem will be typically 35.A which will increase to 7mMA when the 
lamp is turned on. Rg will provide hysteresis if required. 


b) Nonvolatile Low Voltage Detector (Figure 9) 


In this application the high trip voltage Vtpo is set to bo 
above the normal supply voltage range. On power up tho 
initial condition is A. On momentarily closing switch S, tho 
operating point changes to B and will remain at B until tho 
supply voltage drops below VTR1, at which time the output 
will revert to condition A. Note that state A is always retainod 
if the supply voltage is reduced below Vrp; (even to zero 
volts) and then raised back to Vuom. 


c) Nonvolatile Power Supply Malfunction Recorder. (Figuros 
10 and 11) 


In many systems a transient or an extended abnormal (or 
absence of a)) supply voltage will cause a system failure. 
This failure may take the form of information lost in a volatile 
semiconductor memory stack, a loss of time in a timer or 
even possible irreversible damage to components if a supply 
voltage exceeds a certain value. 


It is, therefore, necessary to be able to detect and store the 
fact that an out-of-operating range supply voltage condition 
has occurred, even in the case where a supply voltage may 
have dropped to zero. Upon power up to the normal 
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iCL8211 


Low trip voltage *R3 OPTIONAL 


= — (Ry + Rp x 1.15 ate FIGURE 8. LOW VOLTAGE BATTERY INDICATOR 
Ry) 
High trip voltage 
Vemo= St Ret Ra) 4 isv 


o V+ 


> OUTPUT 


Low trip voltage 


RaRs 1 | 
Vra1= PP x AP X 1.15V 


(a) 


oe 
(Ra + Rs) 
High trip voltage 
R 
Vine = atte x 1.15V 


P 


iB w 
E fe ie OFF ON < 
, OFF ON o E Ir 
2 = iE & 
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(@] re) r N 
. : § ON OFF : 
dl oS G NA 3 
o \ ° = : \ N = 
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\ 
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Supply WOlTARE a= SUPPLY VOLTAGE 
(b) 
FIGURE 7. TWO ATERNATIVE VOLTAGE DETECTION FIGURE 9. NON-VOLATILE LOW VOLTAGE INDICATOR | 


CIRCUITS EMPLOYING HYSTERESIS TO 
PROVIDE PAIRS OF WELL DEFINED TRIP 
VOLTAGES 
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operating voltage this record must have been retained and 
easily interrogated. This could be important in the case of a 
transient power failure due to a faulty component or 
intermittent power supply, open circuit, etc., where direct 
observation of the failure is difficult. 


A simple circuit to record an out of range voltage excursion 
may be constructed using an ICL8211, an ICL8212 plus a 
few resistors. This circuit will operate to 30V without exceed- 
ing the maximum ratings of the ICs. The two voltage limits 
defining the in range supply voltage may be set to any value 
between 2.0V and 30V. 


The ICL8212 is used to detect a voltage, V2, which is the 
upper voltage limit to the operating voltage range. The 
ICL8211 detects the lower voltage limit of the operating 
voltage range, V,. Hysteresis is used with the ICL8211 so 
that the output can be stable in either state over the 
operating voltage range V, to Vo by making V3 - the upper 
trip point of the 1CL8211 much higher in voltage than Vo. 


The output of the ICL8212 is used to force the output of the 
ICL8211 into the ON state above V». Thus there is no value 
of the supply voltage that will result in the output of the 


Ra 
1CL8212 


Rs 


3 


ICL8212 


ICL8211 changing from the ON state to the OFF state. This 
may be achieved only by shorting out R3 for values of supply 
voltage between V, and Vp. 


d) Constant Current Sources (Figure 12) 


The ICL8212 may be used as a constant current source of 
value of approximately 25uA by connecting the THRESH- 
OLD terminal to GROUND. Similarly the 1CL8211 will pro- 
vide a 130uA constant current source. The equivalent 
parallel resistance is in the tens of megohms over the supply 
voltage range of 2V to 30V. These constant current sources 
may be used to provide basing for various circuitry including 
differential amplifiers and comparators. See Typical Operat- 
ing Characteristics for complete information. 


e) Programmable Zener Voltage Reference (Figure 13) 


The ICL8212 may be used to simulate a zener diode by 
connecting the OUTPUT terminal to the Vz output and using 
a resistor network connected to the THRESHOLD terminal 
to program the zener voltage 


(R; + Ra) 


VENER = X 1.15V. 
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D V+ 
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om} fo} BY fe! 
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FIGURE 10. NON-VOLATILE POWER SUPPLY MALFUNCTION RECORDER 
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SUPPLY VOLTAGE ——> 


OUTPUT ICL8212 
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OUTPUT ICL8211 
AS PER FIGURE 7 
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FIGURE 11. OUTPUT STATES OF THE ICL8211 AND ICL8212 AS A FUNCTION OF THE SUPPLY VOLTAGE 
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Since there is no internal compensation in the ICL8212 it is 
necessary to use a large capacitor across the output to 
prevent oscillation. 

Zener voltages from 2V to 30V may be programmed and typ- 
ical impedance values between 300uA and 25pA will range 
from 4Q to 7Q The knee is sharper and occurs at a signifi- 
cantly lower current than other similar devices available. . 


OR 
I 
I = 25,A (ICL8212) 
I = 130,A (ICL8211) 


V+ 


FIGURE 12. CONSTANT CURRENT SOURCE APPLICATIONS 


ee 
( 
CUT 


at i 
BE Ale 


ZENER VOLTAGE 


0.01 0.1 1.0 10 
SUPPLY CURRENT - I (mA) 


FIGURE 13. PROGRAMMABLE ZENER VOLTAGE REFERENCE 
f) Precision Voltage Regulator (Figure 14) 


100 


The ICL8212 may be used as the controller for a highly sta- 


ble series voltage regulator. The output voltage is simply pro- 
grammed, using a resistor divider network R, and Ro. Two 
capacitors C, and Cg are required to ensure stability since 
the ICL8212 is uncompensated internally. 


V+ 


bay we 


Ro + R, 
R, x 1.15V 


FIGURE 14. PRECISION VOLTAGE REGULATOR 


This regulator may be used with lower input voltages than 
most other commercially available regulators and also con- 
sumes less power fora given output control current than any 
commercial regulator. Applications would therefore include 
battery operated equipment especially those operating at 
low voltages. 


g) High Supply Voltage Dump Circuit (Figure 15) 


In many circuit applications it is desirable to remove the 
power supply in the case of high voltage overload. For 
circuits consuming less than 5mA this may be achieved 
using an ICL8211 driving the load directly. For higher load 
currents it is necessary to use an external pnp transistor or 
darlington pair driven by the output of the ICL8211. 
Resistors R, and Rp, set up the disconnect voltage and Rg, 
provides optional voltage hysteresis if so desired. 


V+ 0 
1 A 
ett fo] IcLs2i1 [7] 
aay a} A 
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FIGURE 15. HIGH VOLTAGE DUMP CIRCUITS 


h) Frequency Limit Detector (Figure 16) 


Simple frequency limit detectors providing a GO/NO-GO out- 
put for use with varying amplitude input signals may be con- 
veniently implemented with the ICL8211/8212. In the 
application shown, the first |CL8212 is used as a zero cross- 
ing detector. The output circuit consisting of R3, R4 and Cy 
results in a slow output positive ramp. The negative range is 
much faster than the positive range. Rs and Reg provide hys- 
teresis so that under all circumstances the second ICL8212 
is turned on for sufficient time to discharge C3. The time con- 
stant of R7 C3 ls much greater than R, Cy. Depending upon 
the desired output polarities for low and high input frequen- 
cies, either an ICL8211 or an ICL8212 may be used as the 
output driver. : 


This circuit is sensitive to supply voltage variations and 
should be used with a stabilized power supply. At very low 
frequencies the output will switch at the input frequency. 


i) Switch Bounce Filter (Figure 17) 


Single pole single throw (SPST) switches are less costly and 


more available than single pole double throw (SPDT) switches. 
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SPST switches range from push button and slide types to cal- 
culator keyboards. A major problem with the use of switches is 
the mechanical bounce of the electrical contacts on closure. 
Contact bounce times can range from a fraction of a millisec- 
ond to several tens of milliseconds depending upon the switch 
type. During this contact bounce time the switch may make and 
break contact several times. The circuit shown in Figure 17 pro- 
vides a rapid charge up of C1 to close to the positive supply 
voltage (V1) on a switch closure and a corresponding slow dis- 
charge of C1 on a switch break. By proportioning the time con- 
stant of R1 C1 to approximately the manufacturer’s bounce 
time the output as terminal #4 of the 1CL8211/8212 will be a 
single transition of state per desired switch closure 


V+ 


TIME CONSTANT R3Co < R4Co S$ R7C3 


ICL8212 


j) Low Voltage Power Disconnect (Figure 18) 


There are some classes of circuits that require the power 
supply to be disconnected if the power supply voltage falls 
below a certain value. As an example, the National LM199 
precision reference has an on chip heater which malfunc- 
tions with supply voltages below 9V causing an excessive 
device temperature. The ICL8212 may be used to detect a 
power supply voltage of 9V and turn the power supply off to 
the LM199 heater section below that voltage. 


For further applications, see AO27 “Power Supply Design 
using the ICL8211 and ICL8212." 


ICL8211 
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VARY R, FOR OPTION ZERO CROSSING DETECTION = 
VARY Rg TO SET DETECTION FREQUENCY 
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FIGURE 17. SWITCH BOUNCE FILTER 
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FIGURE 18. LOW VOLTAGE POWER SUPPLY DISCONNECT 
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Protection Circuits Selection Guide 


> os TURN-ON TEMPERTURE 
PART NUMBER DESCRIPTION THRESHOLD RANGE | 
SP710 Protection Power Switch 4V to 16V 16V to 18.5V -40°C to +105°C 


SP720 Protection Array 5V to 30V +Vpe Above Voc or -40°C to +125°C 
, -Vee Below GND 
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w MARRS SP710 


Protected Power Switch 
May 1992 With Transient Suppression 


Features Description 


e +90V Transient Suppression The SP710 is a Power Integrated Circuit designed to 
suppress potentially damaging overvoltage transients up to 

sete TaN Operaling Vortage +90V in amplitude. The device is designed to be operated in 
e 0.8A Current Load Capability a pass-thru mode which allows the current to flow through 
the IC with minimal voltage drop. The protected load circuit 
is connected to the output of the SP710. As such, the 
Short-Circuit Current Limiting protected power switch IC is designed to operate as a 
transient suppressor which is capable of driving resistive, 

Over-Temperature Shutdown Protected Thermal Shut- inductive or lamp loads with minimum risk of damage under 
down at 150°C (Tj) stress conditions of over voltage or over current. The SP710 


-40°C to +105°C Operating Temperature Range is supplied in a 3 lead TO-220AB package. 
"The SP710 was formerly Harris Developmental No. TA13349" 


Over-Voltage Shutdown Protected 


Applications 


e Electronic Circuit Breaker Ordering Information 
e Transient Suppressor 


TEMPERATURE 
¢ Overvoltage Monitor PART NUMBER RANGE PACKAGE 


SP710AS -40°C to +105°C TO-220AB 


Pinout Functional Block Diagram 
TO-220AB 


TOP VIEW 


GROUND — 
(FLANGE) ==> Vout 
_T Vin 


z 
Ow 
iE 
D3 

OVER- BASE 

ae CURRENT 11 voutaGe |} CURRENT 5 cc 
SHUTDOWN | | AMPLIFIER ae) 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2789.3 
Copyright © Harris Corporation 1992 , 8-3 


Specifications SP710 


Absolute Maximum Ratings | Power Dissipation and Thermal Ratings 


INpUL VONAOG Vig casing Bosak es padween eee aa eb ane 24V = Thermal Resistance, 6jo... 0... eee ce eet eee teens 4°C/W 

odd Cunent. loyesoxcs teen cenit edtvede ceased es 800mA Junction Temperature .......... 0... cece ce eee ences 150°C 

Transient Max Voltage, Vy (15ms) ........... epeehed aeons +90V Ambient Operating Temperature............... -40°C to +105°C 

Storage Temperature. ......... 0... cece cence -40°C to +150°C 

NOTE: Pd = (Vin - Vo) (Io) + (Vin) (lcommon) Lead Temperature (During Solder) ..............0..000 265°C 
Ty = Ta + (Pd) (Thermal Resistance) "Wye + gn" (1.59 + 0.79mm) from case for 10s maximum 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications  (T, = -40°C to +105°C, Vix = 4V to 16V), Unless Otherwise Specified 


Vin = +90V for 15ms Pin 3 = 14V, Pin 2 = GND 


Short Circuit Current 


ees 
Vsar (Input-to-Output) Vin = 4V, loyr = 175mA 
Vin = OV, |Vin=9V,lour=500mA |Vin=9V,lour=500mA 
Vin = 16V, loyy = 800MA 
Common Current Icom Vin = 16V, lout = 100mA 
Vin=16V, lour=800MA = Vin=16V, lour=800MA lout = 800mA 


Typical Application 


TO OTHER 
LIGHTS AND 
INSTRUMENTS 


DASH PANEL LOAD 


OVER- 
VOLTAGE 
SHUTDOWN 


BASE 
CURRENT 
AMPLIFIER 


DETECTOR 


Vioap = Veatt - Vsat 
(Vsar TYP. <1V @ 800mA) 
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a eee SP720 


May 1992 ESD & Overvoltage Protection Array 


Features Description 


+2A Peak Current Capability The SP720 is an array of SCR/Diode bipolar structures for 
ESD and over-voltage protection to sensitive input circuits. 
The SP720 has 2 protection SCR/Diode device structures 
Differential Voltage Range to +15V per input. A total of 14 available inputs can be used to 
: protect up to 14 external signal or bus lines. Over voltage 
Designed to Provide Over-Voltage Protection protection is from the IN (pins 1-7 & 9-15) to V+ or V-. The 
Fast Switching - 6ns Risetime SCR structures are designed for fast triggering at a 
threshold of one +V,, diode threshold above V+ (Pin 16) ora 

Low Input Leakages of 1nA Typical -Vbe diode threshold below V- (Pin 8). From an IN input, a 
Low Input Capacitance of 3pF Typical clamp to V+ is activated if a transient pulse causes the input 
to be increased to a voltage level greater than V+; a similar 

An Array of 14 SCR/Diode Pairs clamp to V- is activated if a negative pulse is applied to the 


Proven Interface for ESD IN input. 


Single-Ended Voltage Range to +30V 


' Th is Dev. No. TA14987 
Operating Temperature Range Ageia qtosee. OUR Me etre mes loimelly Hains Deu Ne : 


Applications Ordering Information 


e Microprocessor/Logic Input Protection PART NUMBER | TEMPERATURE PACKAGE 
¢ Data Bus Protection SP720AP -40°C to +105°C 16 Lead DIP 
* Analog Device Input Protection SP720AB -40°C to +105°C 16 Lead SOIC 


¢ Voltage Clamp 


Pinout Functional Block Diagram 


16 LEAD DIP & 16 LEAD SOIC PLASTIC 
PACKAGES 
TOP VIEW 


PROTECTION 
CIRCUITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2791.2 
Copyright © Harris Corporation 1992 8.5 


Specifications SP720 


Absolute Maximum Ratings 


Continuous Supply Voltage, (V+) -(V-) .............000ee +35V Thermal Resistance, 6,,: 

Input Peak Current, liy... 2. ec ce eee ee ee eee wees +2A 16 Lead DIP Package........... cece eee ee eee 90°C/W 

Transient Ratings - See NOTE 2 16 Lead SOIC Package .............. csc cece 170°C/W 

Maximum Package Power Dissipation at+125°C: Storage Temperature Range................6. -65°C to +150°C 
Plastic DIP Package............... re ee 500mW_ ~sJunction Temperature... ... 2... ec cee ce ene +150°C 
Plastic SOIC Package......................+.-+.- 2/0MW ~~ Lead Temperature (Soldering 10s).................... +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications = T= -40°C to +105°C; Vy = 0.5Vc¢¢ Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Operating Voltage Range, 
V 4.5 30 V 
Vsuppecy = [(V+) - (V-)] Pao, | 
Forward Voltage Drop: 
vie lin = = 1A (Peak Pulse) 


IN to V- 
IN to V+ 


1. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery. 
When the V+ and V- pins are connected to the same supply voltage source as the device or control line under protection, a current 
limiting resistor should be connected in series between the supply and the SP720 pins to limit reverse battery current to within the 
rated maximum limits. Bypass capacitors of typically 0.01pF from the V+ and V- pins to ground are recommended. 


2. For ESD testing of the SP720 to Mil-Std-3015.7 Human Body Model, the results are better than 6kV protection. For ESD testing to 
EIAJ 1C1Z1 Machine Model, the results are better than 1kV protection. These values were measured by AT&T ESD Lab using the 
component testing procedures of both standards. Transient and ESD capability is highly dependent on the application. Conditions for 
an in circuit method of ESD testing in a normal application where the V+ and V- pins have a return path to ground, the ESD capability 
is typically greater than 15KV from 100pF through 1.5KQ or 9KV from 200pF through 1.5KQ with 6ns risetime. 


Ta =+25°C 


Ta =+25°C 
SINGLE PULSE 


SINGLE PULSE 


FORWARD DIODE CURRENT - mA 
FORWARD DIODE CURRENT -A 


0 1 2 3 
FORWARD DIODE VOLTAGE DROP - mV FORWARD DIODE VOLTAGE DROP - V 


FIGURE 1. LOW CURRENT DIODE/SCR FORWARD VOLTAGE FIGURE 2. HIGH CURRENT DIODE/SCR FORWARD VOLTAGE 
DROP CHARACTERISTIC DROP CHARACTERISTIC 


OO +Vcc 


INPUT 
DRIVERS 


OR DIGITAL IC 
SIGNAL INTERFACE 
3 SOURCES 


5 

“”) 

IN 9-15 ee 

sas = ee ees O23 
Ei 
oO 
a. 


ewruewvwevweece 


SP720 INPUT 
PROTECTION CIRCUIT 
(1 OF 14 ON CHIP) 
FIGURE 3. TYPICAL APPLICATION OF THE SP720 AS AN INPUT CLAMP FOR OVER-VOLTAGE, GREATER 
THAN 1 Vbe ABOVE V+ OR LESS THAN -1 Vbe BELOW V- 


SPECIAL FUNCTION IC SELECTION GUIDE. ... 1... ee eee cece eee t ener en eees 9-2 
SPECIAL FUNCTION IC DATA SHEETS 


CA3165 El6chonic: SWiGhing CiCUIls ao sae ook oe Gk OA Ge ee Gea Ma ae wa we ee tes She aa eis 9-3 
CA3228 Speed Control System with Memory: 4.65 cs e ck ees ee ware Sc kw CNG Se bee Pew e Fee ees 9-9 
CA3237 In: Remote-Control Amplifier, <¢....0% sybase Oe eae lactate wn eo has eaweoene ees 9-18 
CA3274 Current Limiting Power Switch With Current Limiter Sense Flag ............... 000s eee eee 9-23 
HIP9020 Programmable Quad Buffer with Pre and Post Scaler Dividers ............. 0.20. eee eeee 9-27 


= 
< 
O 
uu 
Q. 
Y”) 


FUNCTIONS 


PART 
NUMBER 


CA3165E 
CA3165E 1 


CA3228 


CA3237 
CA3274 


HIP9020AP 
HIP9020AB 


Special Function IC Selection Guide 


DESCRIPTION 


Electronic Switching Circuits for 
Ignition and Proximity Sensing in 
General Purpose Control Circuits 
Using Q-Loaded Inductive Sensor 
(Multiple Outputs) 


Speed Control System for Cruise 
Control and General Purpose 
Rate or Motion Control! Feedback 
Applications. Self-Contained Con- 
troller with 9 bit D/A Memory. 
(Multiple Inputs and Outputs) 


IR (Infra-Red) Remote Control 
Amplifier/Detector for TV and 
General Purpose Applications. 
High Sensitivity & Gain (upto 90 
dB) with Signal Limiting, Detection 
and Schmitt Trigger Amplifier/Driv- 
er. 


Power Switch with Current Limit- 
ing Feedback Control and Current 
Limiter Sense Flag. Used for Igni- 
tion and Current Controlled 
Switching Applications. 


Vehicle Speed Sensor (VSS) Buff- 
er IC’s with Pre and Post Scaler 
Dividers for processing Sinusoidal 
Waveforms from Magnetic Pickup 
Sensors with divide by 1,6-11 
Prescaling & 1, 2 Post Scaling Op- 
tions. (Multiple Outputs) 


MAX 
SUPPLY 
VOLTAGE 


MAX 
SUPPLY 
CURRENT 


18.4mA 


Shunt Regulator ~5.6V with 
Series Forward Diode/Resistor 
to Power Supply (Vgart); or 
Use Ext. 5 + 0.3 V Power Sup- 
ply ( Max. log = 12 mA) 


SENSOR/NPUT | 


RANGE 


Q-Loaded Self- 
Osc. Coil Pickup 
(~100 mH) 


Inductive Pickup 
with 3.5V to 15V 
Range (Ext. RC 
Filter, 
8.2k92/0.051F 
interface) 


100}HVams typ, 
500UVems max. 
(From Ext. IR 
Detector) 


0.4V to 2V Input 
Switching 
Thresholds 
(w/hysteresis) 


+(0.25 to 100)V 
with 40 kQ Ext. 
Series Current 
Limiting Resistor 
to Input 


(22kQ Sig- 
nal Output 
Source 


Source) 


5V CMOS/ 

TTL Logic 

Level Out- 
put 


FARRIS 


SEMICONDUCTOR 


CA3165 


May 1992 Electronic Switching Circuit 


Features 

¢ Switching Initiated by Damping of Internal Oscillator 
Proximity Sensing of Rotational Motion 
Repeatable Timing of Switching States 


Five Outputs - Two Complementary Pairs and One 
Non-Inverting Output CA3165E1 


Two Outputs - One Complementary Pair CA3165E 


Ordering Information 


TEMPERATURE PACKAGE 


-40°C to +85°C 8 Lead Plastic DIP 
-40°C to +85°C 14 Lead Plastic DIP 


Pinouts 


8 LEAD PLASTIC DIP 
TOP VIEW 


OSC FB [8] FB_RF 
SENSE [2] V+ 

GND [3] 6 | DET_OUT 
OUTPUT [4] 15] INV_OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Description 


The CA3165 is a single chip electronic switching circuit 
intended primarily for ignition applications. It includes an 
oscillator that is amplitude-modulated by the rotor teeth of a 
distributor, a detector that develops the positive going modu- 
lation envelope, a Schmitt trigger that eliminates switching 
uncertainties. Both types include two complementary high 
current switched outputs for driving power transistors requir- 
ing up to 120 milliamperes. The CA3165E also includes two 
complementary low current outputs that incorporate internal 
current limiting and a non-inverting output amplifier with 
uncommitted input capable of switching 27 milliamperes. 


The CA3165 is supplied in the 8 lead dual-in-line plastic 
package (Mini-DIP, E suffix) and in the 14 lead dual-in-line 
plastic package (E1 suffix). Refer to ICAN-6352 for addi- 
tional information. 


14 LEAD PLASTIC DIP 
TOP VIEW 


+SIGNAL |5| 


18 | AMPL_OUT 


File Number 1278.1 


SPECIAL 
FUNCTIONS 


CA3165 


Functional Block Diagram 
DC SUPPLY 5-24 VOLTS 


TO POWER 
TRANSISTORS 


3.5-18 VOLTS 


RESISTOR | SCHMITT OUTPUT OUTPUT Outeus 
(6KQ + 0.5%) OSCILLATOR DET TRIGGER SWITCHING AMP 8 

10 | 

sae i a e.8ka 
a 0.01pF 
3 R 3 REPRESENTS __ 
Soe ROTOR LOADING = 100K 0.0047 ,F 
ene =—— be 


Gre TERMINAL 10 TERMINAL 4 TERMINAL 5 TERMINAL 6 TERMINAL 7 TERMINAL 8 


= a Ca Be 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM FOR CA3165E1 


DC SUPPLY 5-24 VOLTS 


2002 +O POWER 
___. TRANSISTORS 


3.5-18 VOLTS 


— | 4 


SWITCHING 
FEEDBACK 
RESISTOR OSCILLATOR SCHMITT 5 OUTRUT. 
RESISTC TRIGGER 
: b*> REPRESENTS 
ak ae Rat ROTOR LOADING 


— *VALUES OF Ra AND Rb DETERMINED 
BE CORRELATION. 


FIGURE 2. FUNCTIONAL BLOCK DIAGRAM FOR CA3165E 


Specifications CA3165 


Absolute Maximum Ratings 


CA3165E1 CA3165E 

DC Voltage (With reference to terminal 3): 

VOCMiNall! .60ces wales westaen ie a Sa ha ae weak AaOe tN a hate CET eds 4,6,8 4,5 24V 

TEM Al seit oe acts. gees eat Pa ee vase ek Shee ena aes 5,7, 12 7 18V 

TORING Coons. 4 hg arte he bare tna pe See eae wae ae ee aT 9 - 1.5V 
Current (At terminals indicated): 

TOLMUMal sicdeane Bee Ve Son i oacidind ot SS scree eka gens SE eo 4,6 4,5 120mA 

WORM Al)232:2 hte tes case tietmh a eee ee x oes Wak eee re a aes mates 5,7 - -0.1 to 0.1mMA 

FELON Als Scere ictae dh ead eal eee Vesa aah e land benieate ede y wae as 8 - 30mA 
Device Dissipation: 

UD 10 Tp 55 Ce eek eae ts ae antisera rates ey Ss bo Sew ON eee EM a aa ee ee ee ee eae 600mW 

Above T,='55°C (derate linGarly at) eine eric eves de eas taeda av yeh ee ye ah ORNs daw ee Oa ee Nese sg Sew 6.67 mW°C 
Ambient Temperature Range: 

ODGR UNG 55 ccive 325 code wh ee Stee bes ais Kea nce Ww Ra ete eee wie OR Ee eee Pe SONG PMA SSeS eee eens -40°C to +85°C 

SIGA0O tc cer awed ook ien cetacean nena a eae atone be rates erie eed Gaateaie aaa ee aaa aes -65°C to +150°C 
Lead Temperature (During Soldering): 

At distance 1/16 + 1/32 inch (1.59 + 0.79mm) 

from Case tor 10 S6COndS Tax ss aes ary sa sey so he weno en Sew BAN ERI Cee Pane Salen Gee gods 265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At Ta = +25°C, V+ = 13V, Measured in the circuit of Figure 5 (CA3165E1) or Figure 6 (CA3165E) 


PARAMETERS SYMBOL 
Input Current at Term." Ef 
Output Voltage at Term. 4 i 


Va 
Output Volatge at Term. 7 
2 
A 


Output Voltage at Term. 8 Vp Dwell 
Portion of 
Spark 

Oscillator Voltage at Term. 2 V Dwell 
Spark 


* 


CA3165E at Term. 7 17 
CA3165E1 at Term. 12 112 


SPECIAL 
FUNCTIONS 


CA3165 


ae | 
r 


Schematic Diagrams 


ALL RESISTANCES ARE IN KILOHMS 


- FIGURE 3. ee GL DIAGRAM FOR CA3165E1 


R22 
2.4 
Q31 
et fe 
Q20 R30 
ey 7 
Josud-— 


ALL RESISTANCES ARE IN KILOHMS 


FIGURE 4. SCHEMATIC DIAGRAM FOR CA3165E 
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CA3165 


Application Information Figure 5 and Figure 6 show the application of the CA3165 in a typical ignition system. 


TERMINAL DESCRIPTIONS 


TERMINAL 
FUNCTION | 


Direct Output - R7 load resistor 200 + 5%, and Rg to power Darlington 15Q + 10% 


Detector Output - Cz to Ground (0.0022yF) 


No Connection 


Circuit Supply Voltage Through R, (220Q Protective Resistor) to Automotive Supply 


Oscillator Feedback Resistor RF; to Terminal 1 


onh 


No Connection 


AUTOMOTIVE SUPPLY 5-24V 


CA3I65El 
TOP VIEW 


2202 


R3 5 
METALLIC Ll RIO 
TRIGGER WHEEL cs CURRENT 2202 


DI 


ONE. TOOTH PER 1500 pF LIMITER 
100 0.18 
LI! SENSORCOIL INDUCTANCE 11000; 
% 100 ph UNLOADED Q#53 SET FOR 4 AMPERES IN RI3. 


FIGURE 5. TYPICAL IGNITION SYSTEMS USING THE CA3165E1 


SPECIAL 
FUNCTIONS 


CA3165 


CASI65E 
TOP 
VIEW 


C6 
0.01 pF 


LI SENSOR COIL, = METALIC TRIGGER WHEEL, 
ONE TOOTH PER CYLINDER 


INDUCTANCE * 100yH, 
UNLOADED Q 53 


ALL RESISTORS 1/2 W£5% 
UNLESS OTHERWISE 
SPECIFIED 


FIGURE 6. TYPICAL IGNITION SYSTEM USING THE CA3165E 


Application Information 


Figure 5 and Figure 6 show the application of the CA3165 in 
a typical ignition system. The oscillator on the chip operates 
at about 400kHz as determined by the tuned circuit L1, C3. 
The amplitude of the oscillation is detected on the chip and 
applied to a Schmitt trigger which sets the terminal voltage 
as shown in the chart in Figure 1 and Figure 2 for the 
unloaded condition of the oscillator. As a metallic tooth in the 
rotor passes the coil L1 eddy-current losses occur which 
reduce the Q of the resonant circuit and decrease the ampli- 
tude of the oscillations to a level below that of a reference in 
the detector circuit. The output terminals are then switched 
to states as shown in the chart in Figure 1 and Figure 2 for 
the loaded condition of the oscillator. The oscillation is main- 
tained at this lower amplitude by switching in additional feed- 
back in the oscillator circuit. The fact that the oscillator 
continues to operate at some minimum level during this 


OSCILLATOR 


dwell period eliminates timing variations which would occur if 
the oscillator had to be restarted by random noise. 


Spark occurs as terminal 4 is switched from high to low. The 
output amplifier clamps terminal 4 low through the regulator 
during the duration of the spark. 


The Dwell period represents the time that terminal 10 
(CA3165E1) or terminal 6 (CA3165E) is high, terminal 4 is 
low, and the coil is charged. 3 


The value of the oscillator feedback, resistor, R;, is selected 
to set the dwell period. With a sintered-iron 8 f-tooth rotor, a 
typical value of Rf is 6500 ohms for 28.5 degrees of dwell out 
of a 45 degree cycle. For a star-type rotor and a particular 
coil in a typical distributor, the feedback resistor would be 
larger (typically 8800 ohms) depending on clearances, coil 
geometry and tooth shape. 


DWELL 
PERIOD 


osc 
UNLOADED 


OSC LOADED 


HIGH 
DETECTOR 
TERM IO 
LOW 


HIGH 


DWELL 


FIGURE 7. TIMING SEQUENCE 
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FARRIS 


SEMICONDUCTOR 


uD 


May 1992 


Features 
Low Power Dissipation 
I7L Control Logic 
Power-On Reset 
On-Chip Oscillator for System Time Reference 
Single Input Line for Operator Commands 
Amplitude Encoded Control Signals 
Transient Compensated Input Commands 
Controlled Acceleration Mode 
Internal Redundant Brake and Low-Speed Disable 


Braking Disable 


Applications 
¢ Automotive Speed Control 


¢ Residential and _ Industrial 


Controls 
¢ Industrial AC and DC Motor Speed Control 


¢ Applications Requiring Acceleration and Deceleration 
Control 


Heating and Cooling 


Pinout 


24 LEAD DIP 
TOP VIEW 


GND 
OUTPUT GATE 
DRIVER COMMAND | 3 | 
COMMAND DELAY | 4| 
OSCILLATOR | 5 
V MEMORY | 6 
CURRENT SENSE SPEED 
SENSOR INPUT | 8 | 


VENT CONTROL 
CONTROL AMP+ 


CONTROL AMP- 
ALIGN 
V ERROR 


VACUUM CONTROL 


CA3228 


Speed Control System with Memory 


Description 


The CA3228* is a monolithic integrated circuit designed as 
an automotive speed-control system. 


The system monitors vehicle speed and compares it to a 
stored reference speed. Any deviation in vehicle speed 
Causes a servo mechanism to open or close the engine 
throttle as required to eliminate the speed error. The refer- 
ence speed, set by the driver, is stored in a 9-bit counter. 


The reference speed can be altered by the ACCEL and 
COAST driver commands. The ACCEL command causes 
the vehicle to accelerate at a controlled rate; the COAST 
command disables the servo, thereby forcing the vehicle to 
slowdown. Application of the brake disables the servo and 
places the system in the standby mode while the RESUME 
command returns the vehicle to the last stored speed. 


Vehicle speed and driver commands are inputs to the 
integrated circuit via external sensors. Actuators are needed 
to convert the output signals into the mechanical action 
necessary to control vehicle speed. 


The CA3228 is supplied in a 24-lead dual-in-line plastic 
package (E suffix). Refer to ICAN-7326 for application 
information. 


“ Formerly RCA Developmental Type No. TA10768. 


Ordering Information 


PART 
NUMBER TEMPERATURE 


CA3228E -40°C to +85°C 24 Lead Plastic 
DIP 


CONTROL AMP OUTPUT 


ACCELERATE CAPACITOR 
ACCELERATE RESISTOR 


BRAKE INPUT /12| Vec 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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1436.1 


File Number 


SPECIAL 
FUNCTIONS 


Specifications CA3228 


Absolute Maximum Ratings Thermal Information 

Supply Voilage, VioG esas cd Ces Kona e ds bieee vee ses +9.0V Power Dissipation Per Package 

Supply Current, log... . eee eee ee eee PO ee ee 30mA FORT = 40°C 10 470°C 6 oss Swe ie howe ciara eeens 695mWw 
Driver Command Input (Ioyp), Pin 3. ... 6.2... cee ee eee eee 2mA For T, Above +70°C ............ Derate Linearly at 8.7mW/°C 
Brake Input (Ippake), Pin 12..... a iyd Pen cw fon kee ee aes . 2mA Lead Temperature (Soldering 10s) ...............000- +265°C 
Storage Temperature Range ................ -65°C to +150°C Operating Temperature Range................ -40°C to +85°C 
Junction Temperature... 0.0.2... cece ee eee etre +175°C | 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Typical Switching Characteristics | 
Driver Command Input Hold Times (Based on 0.68pF on Pin 4): ON 2 ieeet cd eae ae vauk eas wena oe Lae aeete 50ms 


ACCEL dicate Pec aeshae: ds Stn neat nea ua aateNAe BOWS: ORE ynincu cue eet ete Ce tat saree aden nenasaaiey 50ms 
COAST vas iescewee keannewn sdilivale were sOaecawn owes 50ms Internal Oscillator Frequency, Fogg... ...- 2. ee ceeeeeeee 10kHz 
RESUME sds sawed eis Gel Dae h eee icuuleaen ett 330ms §_ (Based on 0.001pF at Pin 5) 


System Performance Fogz¢ = 50kHz, fs/Speed Ratio = 2.22Hz/mph 


Speed Sensor Input Frequency Range, f, at Pin 8. . .62Hz to 222Hz Maximum Stored Speed ...... 2.2... 0. eee eee eee 100 mph 
Speed Aesoutlons -sy.054 545s se vw cea was oe weber eun 0.45 mph. Redundant Brake Speed........... 0c. cece eee eens 11 mph 
Minimum Operating Speed. ..........0.. 002 eee eee -... 25mph 


PARAMETERS 


LIMITS 
TEST CONDITIONS UNITS 
Vv 


62Hz < f $ 222Hz 


7.40 
| 4.85 
’ 5 g ’ 7.6 


Operating Voltage 


Speed Sensor Input Voltage Ampli- 
tude 


Vcc Supply Current 


Current Sense Voltage 


< 
Ao) 
no) 


Vec 
i. ia 
Viz 41KQ to Ground 
Command Idle Voltage | Vee J 8 $1, S2, $3, $4, S5 Open 
V30N 


Align Voltage 4.20 


RESUME Command Voltage S2 Closed 


ACCEL Command Voltage S3 Closed 


COAST Command Voltage Vscoast 7 S4 Closed 


OFF Voltage S5 Closed 


~“ 
~] 


ON Voltage S1 Closed 


S, 
~ 
> 


a 
& | 


oO N“N 
to 


Brake Input Voltage S6 Closed 


4.7KQ to Vec 


1.2KQ to Voc 


1.2KQ to Vec 


9-10 


Specifications CA3228 


DC Electrical Specifications T, = +25°C, Vcc = 8.20V, Unless Otherwise Specified (Refer to Figures 2 and 3) 


PARAMETERS _ SYMBOLS TEST PIN TEST CONDITIONS 


Deadband Range (VAC and VENT Vos 21,22 Sweep Pin 19, 1.43 V 
Outputs Off) Voltage at 1V/sec 


Functional Block Diagram 


(1) GROUND (4) 
Veo seen 


RESUME 


GATE (23) OUTPUT GATE 
ACCEL 
DRIVER COMMAND (3) “Oket 
T | VENT (21) VENT CONTROL 


COMMAND DELAY (4) 


Urs (23) VACUUM CONTROL 


OSCILLATOR (5) (19) CONTROL AMP. OUTPUT 
OVER SPEED RESUME | |CONTROL AMP 
DETECTOR DETECTOR = (20) CONTROL AMP. (+) 
ips ae — : 
BRAKE INPUT (12 oEMeee i < (18) CONTROL AMP. (-) 
AMP 
SPEED REOUNDANT 
=p V ERROR 
es 


MINIMUM 
SPEED 
SENSOR 


SENSOR INPUT (8) BRAKE 


0.45V “E" 


F/V 
F/V OUT (9}—*| conveRTER ses) ACCELERATE RESISTOR 
RATE AMP 
F/V FILTER (10) i 
3 ANALOG TO 
s DIGITAL TO 
Vs 011) ANALOG (5) ACCELERATE CAPACITOR 
CONVERTER 


v 
Vv MEMORY (6) = ” 
[ atin |} ———@) N ALIGN a = 
CURRENT = <zO 
CURRENT SENSE SENSE S 5 
az 
n> 
Li. 
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 . CA3228 


START 


_ MEMORY 
STANDBY 


< 


STORE 
PRESENT 
SPEED 


a . 
Redundent 
SRAKE BRAKE? 
NO 
BRAKE ; CLUTCH 
— ~ 
CLUTCH 


FIGURE 1. SPEED CONTROL FLOW CHART 
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CA3228 


Vcc [paves ee = 
MOMENTARY O 24 | 
RI & LL 
CONTACT ftpa 560 cA GATE 
V3 ON DRIVER C) O.1 uF 2 23 SEE FIGURE 3 | 
SWITCHES 3 22 i 
0.68 pF. VENT 
a ) si 7 es 4 2I pars ee 
R3,2.2K 10 K 5 20 U vec 
RESUME O = 0.001u F 
» 1M 
R4,680 ae 10 K 
SET/ACCEL 0 7 © 18 
N 
R5,120 Ben Se he 2S. 1OK 
COAST ° 0.047 pF < C 10K 
F 9 ° 6 EXT 
OFF 0 0-05» 6 _ 2.2 MF = 
— + 
U1 ey = 7 
0 REXT 
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FIGURE 2. TYPICAL AUTOMOTIVE SPEED CONTROL APPLICATION 


VACUUM 
3 SOLENOID 
CA3228E 
(SEE FIGURE 2) TO VACUUM 
SOURCE 


VALVE VALVE 


SYSTEM MODE 
VALVE ACCEL | CRUISE COAST 
NC 
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FIGURE 3. SOLENOID DRIVERS AND SERVO VACUUM CONTROL MECHANISM TYPICAL APPLICATION 
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Device Description and Operation 


The functional block diagram and Figures 1, 2 show the 
speed- control flow chart, and a typical automotive speed- 
control application, respectively. 


Command Decoder and Delay Logics (Pins 3,4) 


Driver commands are input to pin 3 through the Driver 
Command Line. These signals are encoded on a single line 
as voltage levels selected by switches which adjust a resistor 
divider network. 


The voltage level established is compared to a reference 
level which decodes the command. A command level greater 
than Vcc + 0.8V turns the system On, enabling dynamic 
control. Once the system is enabled, a voltage level of 
0.88Vcc, 0.66Vcoc, and 0.38Vcc decodes the RESUME, 
ACCEL, and COAST command, respectively. A driver 
command of 0.12Vcc¢ or less turns the system Off. 


The Driver Command Delay established by the current 
sources and a capacitor at pin 4 assures that ON, OFF, 
ACCEL, and COAST commands are considered valid only if 
longer than 50ms. The time for RESUME is 330ms. 


Control Logic 


The Control Logic accepts signals from the command 
decoder and other sensors. It causes the memory to be 
updated when operating in ACCEL and COAST modes. It 
will put the system in Standby mode if brakes are applied, if 
the speed error exceeds 11mph, or if the vehicle speed 
drops below the minimum Speed Lockout (25mph). It will 
return the vehicle to the previous set memory speed when a 
RESUME command is given. 


Frequency to Voltage Converter (Pins 8-11) 


The speed sensor input fg at pin 8 is an AC signal whose 
frequency is directly proportional to the vehicle speed at 
approximately 2.22Hz/mph The current sources, capacitor 
and comparators at pin 9 cause equal rise and fall times to 
occur at pin 9 on the positive- and negative-going slopes of 
the sensor input. Pulse currents of time duration equal to the 
rise and fall times are used to charge the parallel resistor 
capacitor combination at pin 10 to give a voltage (Vs) at pin 
10 proportional to frequency at approximately 27mV/Hz. The 


fg frequency range may be altered by changing the values of 
the filter capacitors at pins 8 and 9. However, the maximum- 


to-minimum frequency ratio will remain fixed. 


MEMORY VOLTAGE, Vy (V) 


100 
FREQUENCY, fs (Hz) 


150 


FIGURE 4. TYPICAL D/A MEMORY VOLTAGE, Vy vs. 
FREQUENCY | 


Memory Voltage, Vi (Pin 6) 


Upon release of the ACCEL or COAST switches the voltage, 
representing vehicle speed Vs determined by the output 
from the frequency-to-voltage converter, is stored as a 
binary number in a 9 bit counter. A memory update compar- 
ator allows clocking of the counter until memory voltage Viy 
equals Vs. The output of the counter controls a ladder 
network which provides memory voltage Vy at pin 6. 


Analog Accelerate and Resume Generator (Pins 14,15) 


Numerous functions are combined in what is called the 
Analog Accelerate and Resume Generator. The circuit 
switches the signal output at pin 15 depending on the mode 
of operation. In the Accelerate and Resume mode the 
capacitor at pin 15 is charged at a fixed rate [450mV/(Re x7) 
(Cextq)]. In the Cruise mode pin 15 follows the memory 
voltage (Vy) and in the On, Off, Brake, Redundant Brake, 
Minimum Speed Lockout, and Coast modes, pin 15 follows 
the voltage representing vehicle speed (Vs). 


MEMORY VOLTAGE, Vjy (V) 


150 
FREQUENCY, fs (Hz) 


200 250 


FIGURE 5. TYPICAL CHARACTERISTIC F/V CONVERTER 
OUTPUT, Vs vs. FREQUENCY 


Error Amplifier (Pin 16) 


In the Cruise mode the Error Amplifier determines the 
difference between the set memory speed (Vy) and the 
actual speed (Vs). This error signal is fed to the control 
amplifier where it defines whether VAC or VENT is required. 
The error signal represents deviation in vehicle speed from 
the memory or set speed condition. The Error signal is also 
used to control the Redundant Brake feature. 


Redundant Brake Comparator 


When the error output drops below approximately 0.42Vcc, 
the Redundant Brake output is activated. Redundant Brake 
causes the chip to go into the Standby mode. 


Control Amplifier (Pins 18, 20) 


The Control Amplifier is an op amp using external 
components to set the gain. Inputs to the Control Amplifier 
are from the Error Amplifier output, servo position sensor | 
and align output. The output of the Control Amplifier controls 
the VAC and VENT outputs. 


VAC, VENT and Gate-Driver Outputs (Pins 21, 22, 23) 


The VAC, VENT and Gate Outputs are open collector 
devices used to control the throttle position. For the system 
to be able to supply vacuum, the gate output must be low. If. 
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the output from the Contro! Amplifier exceeds 0.573Vcc, 
vacuum is supplied to the servo unit. If the output of the 
Control Amplifier is between 0.573Vcc and 0.427Vc¢c the 
vacuum is held in the servo unit and vehicle speed is 
maintained. If the output from the Control Amplifier drops 
below 0.427V¢c or if the gate output is high, the servo unit 
vacuum is vented. 


Overspeed Detector Comparator 


The Overspeed Detector circuit is used when the following 
sequence of events occur: A speed is set in memory, the 
vehicle is manually accelerated (foot pedal) to a higher 
speed and then the ACCEL switch is activated. 


During vehicle acceleration Vs voltage is greater than the Viy 
voltage into the memory update comparator. When the 
ACCEL command is given, the capacitor at pin 15 rapidly 
charges to within 6OmV of Vs before switching the compara- 
tor output low and starting the fixed acceleration rate from 
the present vehicle speed. The 60mV of offset is required to 
insure that the output of the overspeed detector is low under 
normal operating conditions. Hysteresis is also designed into 
the comparator to eliminate noise problems which may 
prevent the chip from going into the Acceleration mode. 


End of Resume Comparator 


The Resume Comparator is used when the following 
sequence of events occurs: A speed is set in memory, the 
brake applied, causing the vehicle to go to a lower speed, 
and the RESUME switch is activated. 


Activation of the RESUME switch causes a fixed accelera- 
tion rate from the lower speed until the capacitor voltage at 
pin 15 is equal to the Vy voltage. A filter circuit contained in 
the output of the resume comparator insures that noise 
doesn't reset the comparator until Vp), actually equals Vj,. 


Align Voltage Source (Pin 17) 


The Align Voltage Source is a X1 buffer with an output of 
0.5Voc. 


Brake Input Comparator (Pin 12) 


When the Brake Input exceeds 0.55Vc¢¢, the chip will go into 
the Standby mode from Cruise. 


Minimum Speed Lockout 


Assures that the system remains in a Standby mode if 
vehicle speed Vs is below 0.183V¢¢. It causes the system to 
revert to the Standby mode if Vg drops below 0.183V¢¢_ in 
the Cruise mode. 


Digital Filter for Redundant Brake and Minimum Speed 
Lockout 


A 4 bit shift register with an all ‘1’s output decode is used to 
filter transients and electromagnetic interference. The filter 
prevents false signals from putting the system into Standby 
from Cruise. 


Ramp Oscillator (Pin 5) 


The Ramp Oscillator at pin 5 nominally varies between 
amplitudes of 4.1V and 6.1V. The discharge rate is 
approximately 4X the charge rate. With a capacitor of 
0.001uF on pin 5, the nominal oscillator frequency is 50kHz. 
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FIGURE 6. FUNCTIONAL BLOCK DIAGRAM FOR SPEED CONTROL (Continued on Next Page) 
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FIGURE 6. FUNCTIONAL BLOCK DIAGRAM FOR SPEED CONTROL (Continued) 
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May 1992 | IR Remote-Control Amplifier 
Features : _ & Description 
e Integrated Circuit Package - 9-Pin SIP The CA3237’ is a linear integrated circuit intended for infra- 


red remote control receiver applications for TV receivers. 
The sensor for the remote control receiver consists of a 
e High-Gain Amplifiers photo-diode that senses the 40kHz pulse code modulated 
control signal from the infrared carrier. The other functional 
parts of the system include an amplifier-limiter, a narrow 
¢ 12 Volt Power Supply band filter, a detector, a Schmitt trigger, and a decoder. The 
: ; 7 CA3237 provides the amplifier limiter and the Schmitt trigger. 
¢ Low Power Dissipation The amplifier limiter consists of two stages. Both stages 
¢ Internal Regulation | have externally accessible feedback points for external gain 
programming. Internal voltage regulation is provided. 


¢ Excellent Overload Characteristics 


Schmitt Trigger Switching 


Nominal 100: V Sensitivit 
7 . The CA3237 is supplied in nine lead Single-In-Line Package 


¢ Nominal 50K Input Impedance (SIP). The CA3237 is pin-for-pin compatible with the 
AN5020. | 
Ordering Information * Formerly developmental type TA11167 


PART TEMPERATURE 
NUMBER RANGE 
CA3237E -40°C to +85°C 9 Lead Plastic SIP 


Pinout Block Diagram 


9-LEAD PLASTIC SIP 
TOP VIEW 


AMPLIFIER INPUT [1 | 
FEEDBACK 1 [2 

FEEDBACK 2 [3| 

SCHMITT TRIGGER OUTPUT [4 | 
GND [5| 

SCHMITT TRIGGER INPUT [6 
AMPLIFIER OUTPUT 


Vec {8 
BYPASS AND VOLTAGE | 9 
REG. OUTPUT 
AMPL. FEED- FEED- SCHMITT GND SCHMITT AMPL. VCC BY-PASS 
INPUT BACK BACK TRIGGER TRIGGER OUT IN AND VOLT. 
1 2 OUT IN +12V REG. OUT 
TO — 
IR Rao DECODER 
DETECTOR FOR 
= _ TUNER 
a = — CONTROL) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1 480.1 
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Specifications CA3237 


Absolute Maximum Ratings 
T, = +25°C Unless Otherwise Specified 


DC Supply Voltage (Voc)... ec ccc eee eee e ee eee eee 14.4V Operating Temperature Range................. -40°C to +85°C 

DC Supply Current (icc)... eee cece eee cnet eeeees 25mA Storage Temperature Range.................. -55°C to +150°C 

Maximum Package Power Dissipation Maximum Junction Temperature. ... 2.0... 0... eee eee +150°C 
Upto eH 485 Cree ih pes coated ieuuds eRe e eee 360mW Lead Temperature (During Soldering) 


At a distance not less than '/;,” (1.59mm) from 


NOTE: Recommended supply voltage range (VCC) is 9.6V to 14.4V. Case for 10S. Max e544 55K ees tse ieee kere cad +260°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, Vcc = 12V, Unless Otherwise Specified. See Figure 2 for Test Circuit 


LIMITS 


PARAMETERS TEST CONDITIONS 


E 


DC SPECIFICATIONS, Switch 1 Open, Switch 2 in Position 3 (Input Open) 
Balance Voltage, Pin 3 

Bias Voltage, Pin 2 

Regulator Voltage, Pin 9 


Op-Amp Bias Voltage, Pin 7 


~~ 
oo 


AC SPECIFICATIONS, Switch 1 Open Unless Otherwise Specified 


Amplifier High Level, (Pin 7 Out) V, In = 5Vp.p, Freq. = 40kHz, Switch 2 in 
Position 1 


Amplifier Gain (V, In) Pin 7 Out = 800MVp.p, Freq. = 40kHz, 
Switch 2 in Position 1 


Schmitt Trigger Output Voltage High (Pin 4 Out) | Pin 6 = 1.5Vpc¢, Switch 2 in Position 3 
(Input Open) 


Schmitt Trigger Output Voltage Low (Pin 4 Out) Pin 6 = 0.3Vp¢, Switch 2 in Position 3 
(Input Open) 


Schmitt Trigger Low Trip Voltage (Pin 6 In) Pin 4 Out = 0.8Vp¢, Switch 2 in Position 
3 (Input Open) 
iZ 
Functional Test (Pin 4 Out) Voc =9.6V, 12V or 14.4V, V, In =5Vp_p, <O 
Freq. = 40kHz, Switch 1 Closed, Switch 0 - 
2 In Position 1 4 
n> 
L.. 


Output Noise (at T.P.A.) Switch 2 in Position 2 (Input Grounded) 
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| VOLTAGE REG 
SCHMITT OUT AND 
TRIGGERIN BYPASS Vee 


© (5) 
GND FBI. FB2 ALL RESISTANCE VALUES ARE IN OHMS SCHMITT GND 
; bie 


FIGURE 1. SCHEMATIC DIAGRAM FOR CA3237 


VIN 0.15 pF HF 
HF @ = O ve O = + 
220 v4 Voc iin ee 
150 = 
eS 1 SW | OPEN 
! 1{—o% o CLOSED 
0.001,.F 
3 © SW.1 OPEN UNLESS vate 
"OTHERWISE SPECIFIED @ 
Soa v7 
* & OR VALUE AS SUITABLE 
= FOR THE APLICATION 
SIGNAL 
GENERATOR 
40kHz ae 


ALL RESISTANCE VALUES ARE IN OHMS 


FIGURE 2. TEST CIRCUIT FOR CA3237 
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General Application 


The CA3237 is intended for use in an infrared (IR) remote- 
control receiver or other comparable application. As shown 
in Figure 1, this IC consists of two cascaded amplifiers, a 
Schmitt-trigger circuit, and an internal 6.3-volt regulator. The 
VCC power-supply input may range from 8 to 14 volts. 


Feedback-Amplifier Characteristics 


The first amplifier has an open loop gain (Ap, ) of approxi- 
mately 90dB, and the second amplifier which is internally 
cascaded with the first amplifier has an open-loop gain of 
approximately 60dB. The feedback ratio of the first amplifier 
is set by the addition of a resistor (Ra1) and an isolation 
capacitor (Ca1) at pin 2; the gain of the second amplifier is 
controlled from pin 3 in the same manner. The closed-loop 
gain Afb, is determined from the general feedback equation: 


Atm = Aoi/[1 + Aor x B] 

where B is the feedback ratio 

For the non-inverting amplifier the feedback ratio is given by 
B=1+R,/(Z, + Rp) 

where Z, = R, + 1/jwC,,. 


If C, is sufficiently large Z, is approximately equal to R,. For 
large values of Aop,, the closed-loop gain is approximately 1 
+ R,/(R, + Rp), a good approximation for the first amplifier. 
For the second amplifier, which has an Ao, of 60dB the 
closed-loop gain is slightly less than the value given by the 
simplified approximation. 


For the feedback circuit values in the test circuit of Figure 2, 
the simplified gain equation may be used to calculate the 
first stage gain as follows: 


Agi: = 1 + 21kQ/(35+150) QO = 114.5 = 41.2dB 
This numerical gain corresponds to 41.2 dB. 


For the second stage, and using the same approximation, 
the gain is calculated to be 


Ape = 1 +33 KO/(624+220) Q = 1180r 41 .4dB. 
The total gain from pin 1 to the pin 7 output is 
Gain = 41.2+41.4=82.6dB 


The worst-case conditions allow for Z;, and Ag, variations. 
The gain specification from the Electrical Characteristic table 
is 0.8V for 500,,V input. This specification dictates a minimum 
gain of 1600 (or 64dB) minimum, including input attenuation 
losses due to the 100-kilonm source resistor. The Figure 2 
circuit is specified as a test condition, but is not a limited use 
of the CA3237. Using circuit layout care and some shielding, it 
is possible to achieve over 90dB of stable gain. 


Amplifier Input/Output Impedance 


The input impedance of the first amplifier is typically 50 
kilohm and is the combination of the internal 100-kilonm 
biasing resistor and the input impedance of the first amplifier 
stage. 


if the source impedance of the signal source is high com- 
pared to the input impedance of the amplifier, there will be a 
proportional attenuation at the input signal. For the Figure 2 
test circuit, the source impedance is 100 kilohm and the 
input loss is typically 9dB. 


The output drive signal from the second amplifier (at pin 7) is 
from the emitter follower Q29 and series Q30 and Q31, 
shown in Figure 1. As shown in the test circuit of Figure 2, it 
is possible to stiffen the source impedance by additional dc 
loading at pin 7. It is recommended that the output load be 
greater than 5002. 


Amplifier Limiting and Bandwidth 


The amplifiers are designed to provide signal limiting over a 
wide dynamic range with little effect on the duty cycle. In the 
IC circuit diagram of Figure 1, the Q10 and Q11 back-to- 
back diodes limit the peak-to-peak drive; additional control is 
provided by the Q6 emitter at the output of the first differen- 
tial stage. Limiting starts as low as 50unV. The limiting range 
continues to a level greater than 1 volt of signal-input capa- 
bility with typically less than 10% change in duty cycle. 


The bandwidth characteristic of the CA3237 is matched to 
the 40kHz center frequency range commonly used by IR 
remote systems. For this reason, the roll-off characteristic of 
the amplifier is optimized for use in the 10kHz to 100kHz 
area. The 3dB linear signal roll-off is approximately 70kHz 
and is controlled by internal compensating capacitors on the 
chip. However, the circuit may function as a limiting-amplifier 
up to frequencies as high as 1MHz. 


Schmitt-Trigger Circuit 


The Schmitt trigger is designed to provide a digitally 
switched signal from a peak detected burst. Use of the 
Schmitt trigger is recommended as a means of shaping the 
detected signal at pin 7 before it is input to a decoder circuit. 


It is important to note that the Schmitt trigger input has 3.7 
kilohm input impedance but drops to a much lower value 
when the input transistor switches to saturation. The. low 
impedance provides noise immunity during the low (OFF) 
state. In Figure 1, transistor Q41 and Q42 form the 
differential switching circuit. The threshold for switching at 
pin 6 is approximately 1 volt (ON) and 0.8 volt (OFF). The 
bias supply for the switching differential is determined by the 
internally regulated supply, which is tapped at 4.2 volts on 
the stack of reference diodes. 


IR Remote Amplifier Application 


The circuit diagram of Figure 3 shows a typical application 
as an IR remote control receiver. The biased IR detector 
receives transmitted impulses from the remote unit, from 
which the signal is ac coupled into pin 1 of the CA3237. An 
optional variation of feedback control of gain is used at pin 3 
making the gain of the second stage 50dB. 


The amplified signal output at pin 7 goes to the transistor Q1 
which acts as buffer to drive a tuned high Q transformer. The 
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selectivity of this circuit provides noise immunity and rejec- 
tion of unwanted signals. The signal is normally transmitted 
in 40kHz pulse bursts, such as illustrated in the waveforms 
of Figure 3a. This circuit illustrates only one of many possi- 
ble pulse-code-modulation methods used for data transmis- 
sion. As many as 20 pulses, 25,s in width, form a burst. The 
detected burst is one bit of pulse code data. After the first 
pulse code, a “1” or “O” state is determined by the sequential 
order of the pulse-code data shown. 


In Figure 3, the detection of the pulse code bit is done with a 
diode peak-detector circuit following the tuned transformer. 


2.7K 


\ 


IR 
DETECTOR 680pF an 
INPUT 


p er Se SO, SO - 


ALL RESISTANCE VALUES ARE IN OHMS 


The waveforms of Figure 3b illustrate the CA3237 signal. 
The pin 1 waveform is an IR signal burst and, in this case, is 
shown as the modulation signal. The output signal at pin 7 is 
the burst signal with a background level of noise when the 
burst is not present. The detected signal that is returned to 
the pin 6 input of the Schmitt trigger is a diode/RC integrated 


pulse with an exponential rise and fall edge. The saturated 


switch of the Schmitt trigger has low impedance and clamps 
the positive edge of the detected pulse. The waveform at pin 
4 is the Schmitt trigger output with squared edges, and is 5 
volt logic compatible to TTL and CMOS, 


FIGURE 3. TYPICAL IR-REMOTE AMPLIFIER APPLICATION CIRCUIT 


1 : 
=25 
40kHz ve 


TYPICAL CODE PULSE 
(GATED BURST AT 2kHz RATE) 
(AT PIN 1 INPUT) 


ces PULSE 


4 | ey 4 SEE FIG. 4B ie 7 poe sR 
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FIGURE 3(a). TYPICAL CODE DATA CONSTRUCTION FOR PULSE CODE 
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Current Limiting Power Switch 
With Current Limiter Sense Flag 


May 1992 


Features 

e Drive-Current Limiting at Output 
Current-Sense Buffer and Reference 
200mA Driver Current Capability 
Logic-Level Control Input 
Current Limiting Flag Output 
50dB Minimum PSRR 
5uS Typical Switch Time 


Separate Signal and Power Grounds 


Applications 
Solenoid Switch Driver 
Relay Driver 
Lamp Control Switch 
Ignition Coil Pre-Driver 
Constant Current Driver 
Current Limiting Switch 
Fault Output Sense Appliance 
Power Supply Fault Mode Control 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CA3274E -40°C to +85°C 8 Lead Plastic DIP 


Description 


The CA3274 is a controlled current switch and may be used in 
general purpose switching applications that require specified 
maximum levels of current. The functional block diagram of 
the CA3274 is shown and a typical application circuit is shown 
in Figure 1. An internal emitter follower has 200mA of source 
drive output capability. The Control Input is a Schmitt trigger 
buffer amplifier for noise immunity in the environments typical 
of industrial and automotive control systems. 


Current sensing in the emitter circuit of a power-darlington 
output stage is fed back from a sampling resistor to the sense 
input of the CA3274 which has a 335mV typical offset. For the 
example shown in Figure 1, a sampling resistor of 0.056 ohm 
permits 6.0 amperes (0.335/0.056) of current in the emitter of 
the output driver. When the current limiter is activated, the flag 
output changes state conditionally. If the control input is the “O” 
state, the flag output will remain in a “1” state. If the control input 
is in the “1” state and the sense input is less than the voltage 
reference level of 335mV, the flag output will remain in the “1” 
state. If the control input is the “1” state and the sense input is 
equal to or greater than the 335mV reference level, the flag 
output goes to the “O” state. The output flag switch may be used 
to accurately establish dwell timing in automotive applications. 
When the control input goes to “0”, the flag is reset to “1”. Noise- 
immunity hold-off is used to prevent pre-triggering of the flag 
output and is noted as td in the timing diagram of Figure 2. 


The flag output may be used for diagnostic feedback via the 
current sense input to detect a fault mode. In this case the 
sampled drive current is either from the emitter of the CA3274 
internal power transistor or an external output amplifier, such as 
a darlington power transistor or power-FET output stage. The 
CA3274 has separate power and signal grounds to minimize 
transient-loop feedback to the input ground and thus prevent 
false triggering of the output. Optionally, the output from the 
CA3274 may be taken from the open collector (DRIVE IN) at 
pin 6. An external resistor at pin 6 may be used to set the level 
at which Q2 will saturate, providing additional limiting protection 
for the maximum forward-drive from the CA3274. 


Pinout 


8 LEAD DUAL-IN-LINE PLASTIC PACKAGE (E SUFFIX) 
TOP VIEW 


FLAG OUT 


SENSE IN 


POWER GND 


SIGNAL GND 


Voc SUPPLY 
CONTROL IN 
DRIVE IN 


DRIVE OUT 


= 
= 
O 
nm 
a. 
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File Number 2222.1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Block Diagram 
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FIGURE 1. TYPICAL APPLICATION AS A POWER SWITCH PRE-DRIVER SWITCH 
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Specifications CA3274 


Absolute Maximum Ratings 


Operating Drive Supply, Vog «2... eee reece eee eee neces 16V Operating Temperature Range................. -40°C to +85°C 
Maximum Output Current, Ilo... . 2. cece eee eens 200mA Storage Temperature Range.................. -55°C to +150°C 
Control, Sense Input................05. Gnd - 0.5V, Veg + 0.5V Lead Temperature (During Soldering) 
Signal, Power Differential Ground Voltage................... t1V At distance '/,," (1.59 + 0.79mm) from 
Power Dissipation, Pp CASE IOP 108 MAK yb eens Gone tke eaNe wes. oeae sein +250°C 
UD10- 709 Cs ad wsscat ths ehew ate nea a Mees Bawa 630mW 
ADOVOE 70° Cink eon eee anaes Derate linearly at 7.7mW/C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = -40°C to +85°C, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN, | TYP | MAX | 


feenseremmson T= | t* | 
a 
eee Pomme a [oe Poe | 
ce 


Driver In, Out (Pin 6, 5): S1=3 Ven Output Saturation Voltage, Ico, = 200mA, V 
Vcontrot = High 


Low 


Flag Output Low: S1 = 2 | Vina | Vsense= High, Iag=3MA High, lrtag = SMA 
Flag Output High: S1 = 3 ee iene Leakage, Voc = Vetag = 10V 


Prop. Delay: S1 = 1 


NOTES: 
1. Refer to Figure 3 Test Diagram for electrical test connections. 
2. Refer to Figure 2 Timing Diagram for logic switching and prop delay. 


3. Unless otherwise specified: Vec = Veco: = Vece = 7 to 10 volts; 
Vsense = "Low"; Veontrot = ‘Low’; 
Control in levels are defined as “Low” equals 0.0V and “High” equals 5.0V. 


SPECIAL 
FUNCTIONS 
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 CA3274 


CONTROL IN - PIN 7 


beng st 
<i i DELAY: 


DRIVE OUT- PIN 5 


CURRENT 
LIMITING —>> 


{<< _——_——— on time -} >} 


OUTPUT 
LOAD CURRENT 


SYSTEM ae 
NOISE FEVER 


SENSE IN - PIN 2 


i—<————-  ts—eNsE_ ———* 


FLAG OUT- PIN 1 


(NOISE HOLD-OFF 
DELAY) 
tg: 
tFLAG 
* For Voc = 7V to 10V; ty, (MAX) = 600pS » . DELAY 
if Control In = High, Sense In = High; 
Pin 1, Flag Out can go low only if tsense 2 ty 
FIGURE 2. CA3274 TIMING DIAGRAM 
OUTPUT LOAD 
POWER SUPPLY POWER SUPPLY 
+Voc +Vcc1 
lec | A 
N : i (ADJ. FOR 200mA 
: 6" IN Vsar TEST) 
Y 
IN VeontroL 0% ee a2 . DRIVER 
. ; : ma; (PSSROUT) 
N =— N H 
sia : 7 e 2.1V 
(ADJ. FOR 3mA : : q 
INFLAG-OUT 310K 8 N 
Vsar TEST : . 
FLAG, 13 .2 
OUT ‘ y LJ ° he 
N Qi LATCH . BENGE $1 . 2.1V 120 
4 ’ 
on N y 1202 
SIGNAL , N = = => 
GROUND , 7 . 
N . 
Tassmv | § Pea 
An kn wae RRR RES OSA NR ROR eal cies oan 
31 power 
™ GROUND 


FIGURE 3. CA3274 TEST CIRCUIT 


9-26 


Soph i HIP9020 


PRELIMINARY Programmable Quad Buffer with 
May 1992 Pre and Post Scaler Dividers 
Features Description 
e Sine Wave Speedometer Input The HIP9020 is a Vehicle Speed Sensor (VSS) Buffer IC. It 
¢ Input Limiting +£0.25 to +100V (with 40kQ) receives sinusoidal vehicle speed information from a 
Re eg tn, See . speedometer signal source. The signal is amplified and 
¢ Over Voitage Protection squared before frequency processing is done. The circuit 
¢ Current Limiting provides pin programmable integer prescaler and postscaler 


dividers to scale the output frequencies. The prescaler 
divider output of the frequency doubler is mode selected for 
Post Scaler Frequency Divide by 1 or 2 1 and 6 through 11. The postscaler mode is selected to the 


Drivers with 15mA/24V Capability ane ero pag Syd Ol ee INSHORE Vox Culpuls ale 


Programmable Prescaler 1, 6 - 11 


Outputs 4 Separate Square Waves a : 
Speed Sensor Input (SSI) - When current limited with a 40 


kohm source impedance from the vehicle speed sensor, the 
OkHz to 6kHz Input Signal Range SSI input is capable of functioning over a wide range of input 
signal. The limiter and squaring action is derived from the 
zero crossing of the input signal. The signal is converted into 
a square wave with a controlled hysteresis squaring 


Internal Regulator and Bilas Source 


-40°C to +125°C Operating Temperature Range 


Applications amplifier. 
¢ Prescaler Power Supply - The power supply pin 2 input is intended to 
° Buffer/Limiter operate from a 5.0V + 0.3V source. The internal reference 


sources are derived from a temperature stable bandgap; 


* Signal Interface including an optional 5.7V shunt reulator which may be used 


e Automotive Speedometer as shown in Figure 2. 

e¢ Automotive Speed Control -  Qutput Drivers - Each output driver is an open NPN collector 

e Automotive Tachometer with a zener clamp level of typically 35 volts and short circuit 
current limiting. Each output is capable of sinking 15mA of 
Current. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
HIPS020AP -40°C to+125°C | 14Lead Plastic DIP 
HIPS020AB ~40°C to +125°C 20 Lead Plastic SOIC 


Pinouts 


14 LEAD PLASTIC DIP 20 LEAD PLASTIC SOIC 
TOP VIEW TOP VIEW 


SPECIAL 
FUNCTIONS 


GND [1 
Vec 2 | 
Poss [3] 
ssi [4 
BUF {5 
PRSO {6 
Pos! 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2790.1 
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HIP9020 


Programmable Quad Buffer Functional Block Diagram | 


BUF 
(BUFFER OUTPUT) PRSS 


(PRESCALER SELECT) 
A B_C_. 


PRESCALER 
DIV-BY 
1&6-11 


6 
(9) PRso 


(PRESCALER OUTPUT) 


DRIVER - 
(Vv, | PROT) (20) vol 
7 a1 13 
IV DRIVER 
post (10) DIV BY 2 DIV BY 2 = bt ncn G) vor 


ssi 
_ (SPEED SENSOR INPUT) 


(POST SCALER INPUT) | ms OUTPUTS 
t DRIVER 
<1 (V, 1 PROT) (16) vos 
VOLT. REG. & i O I 
1 
Seunee. ia DRIVER @) 
— (V,1 PROT) vo4 
Q4 
3 
GND (4) 
Poss ox 
(POST SCALER SELECT) 
EACH OUTPUT 
PROTECTED BY A 
| COLLECTOR-TO-BASE 
& CIRCLED NUMBERS ARE 20 LEAD SOP PACKAGE ZENER DIODE CLAMP 
202 


VO1, VO2, VO3 v04 vo1, VO2 VO3, VO4 
(POSS HIGH) (POSS HIGH) (POSS LOW) | (POSS LOW) 
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Specifications HIP9020 


Absolute Maximum Ratings 


Supply Voltage to Pin 2, Veg (Shunt Regulator)................ Plastic 14 Pin DIP & 20 PIN SOP Package 

+24Vpc¢ Maximum through 300 ohms and a series diode (1N4005 or Thermal Resistance, Og ceric ue et iew eon see esm sews 90°C/W 

equiv.) or +5.3 V Maximum direct voltage supply source to Voc. Maximum Package Power Dissipation up to +85°C ...... 610mW 

Output Voltage (Sustained) to V01,V02,V03,V04........... +24V Derate above 85°C... cece eee 11.1mW/C 

Output Load Current (Sink) ........... 2.0. eee ee eee +15mA Operating Temperature Range................ -40°C to +125°C 

Input Voltage (Through 40 KQ, See Figure 1) ............ +100V. Storage Temperature Range.................. -65°C to +150°C 
Maximum Junction Temperature... ...... 000. c cece eee +150°C 
Lead Temperature (Soldering 10s).............00000es +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ta = -40°C to +125°C, Voc = 5V + 0.3V, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | MAX | UNITS 


Power Supply (Vcc) 


Oe A 
SSI Input (Test Point - T.P.A., See Figure 1) 

[nn [Oke Soures COTA mparshomt [= [| 

a Sa 


Input Signal Range 


Other Inputs (PRSS, POSS, POSI - See Function Block Diagram) 
Input Low Voltage ae eo 
eer 
PRSO Output . 
ee 
ie ae 
a 
Lee 


5 
6 
Driver Outputs (V01, VO2, VO3, VO4) 
Output Clamp Voltage 4 45 V 
i 
2 
cr 
cee 


VBATT 
w 
OUTPUT TO Iz 
SPEED SPEEDOMETER <O 
SENSOR ODOMETER, 7 re 5 
Per SPEED < a> 
me CONTROL, ETC. = ” = 
OUTPUTS 7 CURRENT 
(OPEN NPN 2 OUTPUT 
COLLECTORS) a 
5 SATURATED 
. OUTPUT 
> “ON” CHARAC. 
PRESCALER E 
OPTIONAL SELECT } 
OUTPUT INPUTS 
0 
0 0.1 O2 O03 04 OS 06 
OUTPUT VOLTAGE VOX WITH Voc = 5 V, Vsar (VOLTS) 
FIGURE 1. TYPICAL AUTOMOTIVE APPLICATION CIRCUIT FIGURE 2. TYPICAL OUTPUT DRIVER SATURATED “ON” 


CHARACTERISTIC 
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No. 6157 May 1992 Harris Intelligent Power 


APPLICATIONS OF THE CA3085 SERIES MONOLITHIC 
IC VOLTAGE REGULATORS 


Authors: A.C.N. Sheng and L.R. Avery 


The Harris CA3085, CA3085A, and CA3085B monolithic 
IC’s are positive-voltage regulators capable of providing out- 
put currents up to 100 milliamperes over the temperature 
range from -55°C to +125°C. They are supplied in 8 lead TO- 
5 type packages. The following tabulation shows some key 
characteristics and salient differences between devices in 
the CA3085 Series. 


TYPE Vv 


MAX. 
lout (lo) 


MAX LOAD 
REGULATION 


*This value may be extended to 100mA; however, regulation 
is not specified beyond 12mA. 


In addition to these differences, the range of some specified 
performance parameters is more tightly controlled in the 
CA3085B than in the CA3085A, and more in the CA3085A 
than in the CA3085. 


This note describes the basic circuit of the CA3085 series 
devices and some typical applications that include a high 
current regulator, constant current regulations, a switching 
regulator, a negative-voltage regulator, a dual-tracking regu- 
lator, high-voltage regulators, and various methods of provid- 
ing current limiting, A circuit in which the CA3085 is used as 
a general-purpose amplifier is also shown. 


Circuit Description 


The block diagram of the CA3085 series circuits is shown in 


= 
Figure 1. Fundamentally, the circuit consists of a frequency amplifier having considerable feedback, frequency compen- O 
compensated error-amplifier which compares an internally sation is necessary in some circuits to prevent oscillations. E ih 
generated reference voltage with a sample of the output volt- Terminal 7 is provided for if external frequency compensa- 8) 5 
age and controls a series-pass amplifier to regulate the out- tion is necessary. Terminal 7 can also be used to “inhibit” 7 > 
put. The starting circuit assures stable latch-in of the (strobe, squelch, pulse, key) the operation of the series-pass a 


voltage-reference circuitry. The current-limiting portion of the 
circuit is an optional feature that protects the IC in the event 
of overload. 


Terminal 5 provides a source of stable reference voltage for 
auxiliary use; a current of about 250 microamperes can be 
supplied to an external circuit without significantly disturbing 
reference-voltage stability. If necessary, filtering of the inher- 
ent noise of the reference-voltage circuit can be accom- 
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plished by connecting a suitable bypass capacitor between 
terminals 5 and 4. 


Terminal 6 (the “inverting input” in accordance with opera- 
tional-amplifier terminology) is the input through which a 
sample of the regulated output voltage is applied. 


COMPENSATION AND 
EXTERNAL INHIBIT 
CURRENT 
BOOSTER 2) @ 


UNREGULATED 
INPUT (V*,,) @ 


CURRENT 
SOURCE 
STARTING 
CIRCUIT 


indino 
agalvind3aY 


SUBSTRATE 4) Vper 


(6) INV 


CURRENT 
INPUT C 


LIMITING 


FIGURE 1. BLOCK DIAGRAM OF CA3085 SERIES 


The collector of the series-pass output transistor is brought 
out separately at terminal 2 (“current booster’) to provide 
base drive for an external p-n-p transistor; this approach is 
one method of regulating currents greater than 100 milliam- 
peres. 


Because the voltage regulator is essentially an operational 


amplifier. 
Brief Description of CA3085 Schematic Diagram 


The schematic diagram of the CA3085 series circuits is 
shown in Figure 2. The left-hand section includes the start- 
ing circuit, the voltage reference circuit, and the constant- 
current circuit. The center section is basically an elementary 
Operational amplifier which serves as the voltage-error 
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amplifier controling the series-pass. Darlington pair (Q13, 
Q14) shown in the right-hand section when controlled by an 
appropriate external sensing network, transistor Q15, serves 
to provide protective current-limiting characteristics by 
diverting base drive from the series pass circuit. For opera- 
tion at the highest current levels, terminals 2 and 3 are tied 
together to eliminate the voltage drop which would otherwise 
be developed across resistor R5. 


i ac al 


GONSTANT-CURRENT 'FCHOICE” | SERIES-PASS AND CURRENT: 
CIRCUITS AMP (OP AMP); LIMITING CIRCIUTS 


. >me 


Ha 


wmweweweneeragGZoea 


Cc 
z 
x 
m me 
7) 
» 


SATO’ 


ee 


RECOE Eo 
OUTPUT 


‘ 
é — 
ALL RESISTANCE VALUES 
ARE IN OHMS ‘ SUBSTRAT 


6 
4 
‘ 
(] 
U 
‘ 
, 
6 
s 
é 
é 
6 
4 
4 
) 
4 
( 
‘ 
é 
1 OD, 
4 
U 
4 
‘ 
‘ 
‘ 
‘ 
‘ 
4 
Y 
4 
é 
‘ 
‘ 
é 
U 
é 
U 


a 
mes 
at 


FIGURE 2. SCHEMATIC DIAGRAM OF CA3085 SERIES 
Voltage Reference Circuits 


The basic voltage referenced element used in the CA3085 is 
zener diode D3. It provides a nominal reference voltage of 
5.5 volts and exhibits a positive temperature coefficient of 
approximately 2.5 millivolts/°C. If this reference voltage were 
used directly in conjunction with the error-amplifier (Q5, Q6, 
etc.), the IC would exhibit two major undesirable characteris- 
tics: (1) its performance with temperature variations would 
be poor, and (2) its use as a regulator would be restricted to 
circuits in which the minimum regulated output voltages are 
in excess of 5.5 volts. Consequently, it is necessary to pro- 
vide means of compensating for the positive temperature 
coefficient of D3 and at the same time provide for obtaining a 
stable source of lower reference voltage. Both temperature 
compensation and the reduction of the reference voltage are 
accomplished by means of the series divider network con- 
sisting of the base-emitter junction of Q3, diode D4, resistors 
R2 and R3, and diode 5. 


The voltage developed across D3 drives the divider network 
and a voltage of approximately 4 volts is developed between 
the cathode of D4 and the cathode of D5 (terminal 4). The 
Current through this divider network is held nearly constant 
with temperature because of the combined temperature 
coefficients of the zener diode (D3), Q3 base-emitter junc- 
tion, D4, D5, and the resistors R2 and R3. This constant cur- 
rent through the diode D5 and the resistor R3 produces a 


voltage drop between terminals 4 and 5 that results in the 
reference voltage (= 1.6 volts) having an effective tempera- 
ture coefficient of about 0.0035 per cent/°C. 


The reference diode D3 receives a currant of approximately 
620 microamperes from a constant-current circuit consisting 
of Q3 and the current-mirror* D6, Q1, and Q2. Current to 
start-up the constant-current source initially is provided by 
auxiliary zener diode D1 and R1. Diode D2 blocks current 
from the R1-D1 source after latch-in of the constant-current 
source establishes a stable reference potential, and thereby 
prevents modulation of the reference voltage by ripple volt- 
age on the unregulated input voltage. 


Voltage-Error Amplifier 


Transistors Q5 and Q6 comprise the basic differential ampli- 
fier that is used as a voltage-error amplifier to compare the 
stable reference voltage applied at the base of Q5 with a 
sample of the regulator output voltage applied at terminal 6. 
The D5-Q4 combination is a current-mirror which maintains 
essentially constant-current flow to Q5 and Q6 despite varia- 
tions in the unregulated input voltage. The Q8, Q9, and D7 
network provides a “mirrored” active collector load for Q5 
and Q6 and also provides a variable single-ended drive to 
the Q13 and Q14 series-pass transistors in accordance with 
the difference signal developed between the bases of Q5 
and Q6. The open-loop gain of the error-amplifier is greater 
than 1000. 


Series-Pass and Current-Limiting Circuits 


In the normal mode of operation, or in the current-boost 
mode when terminals 2 and 3 are tied together, the Darling- 
ton pair Q13-Q14 performs the basic series-pass regulating 
function between the unregulated input voltage and the reg- 
ulated output voltage at terminal 1. In the current-limiting 
mode transistor Q15 provides current-limiting to protect the 
CA3085 and.or limit the load current. To provide current-lim- 
iting protection, a resistor (e.g., 5 ohms) is connected 
between terminals 1 and 8; terminal 8 becomes the source 
of regulated output voltage. As the voltage drop across this 
resistor increases, base drive is supplied to transistor Q15 
so that it becomes increasingly conductive and diverts base 
drive from the Q13-Q14 pass transistor to reduce output cur- 
rent accordingly. Resistor R4 is provided to protect Q15 
against overdrive by limiting its base current under transient — 
and load-short conditions. 


Because the CA3085 regulator is essentially an op-amp hav- 
ing considerable feedback, frequency compensation may be 
required to prevent oscillations. Stability must also be main- 
tained despite line and load transients, even during opera- 
tion into reactive loads (e.g., filter capacitors). Provisions are 
included in the CA3085 so that a small-value capacitor may 
be connected between terminals 6 and 7 to compensate the 
regulator, when necessary, by “rolling-off’ the amplifier fre- 
quency-response. Terminal 7 is also used to externally 
“inhibit” operation of the CA3085 by diverting base current 
supplied to Q13-Q14, thereby permitting the use of keying, 
strobing, programming, and/or auxiliary overload-protection 
circuits. 
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Applications 
A Simple Voltage Regulator 


Figure 3 shows the schematic diagram of a simple regulated 
power supply using the CA3085. The ac supply voltage is 
stepped down by T1, full-wave rectified by the diode bridge 
circuit, and smoothed by the large electrolytic capacitor C1 
to provide unregulated dc to the CA3085 regulator circuit. 
Frequency compensation of the error-amplifier is provided 
by capacitor C2. Capacitor C3 bypasses residual noise in 
the reference-voltage source, and thus decreases the incre- 
mental noise-voltage in the regulator circuit output. 


Tl: STANCOR TP3 
CA3085, A, B 


BLACK 
WHITE 
oo. 
120V | 
60Hz es 
BLACK 1 ie 93 
RED 


500uF * 
50V . 


FIGURE 3. BASIC POWER SUPPLY 


Because the open-loop gain of the error-amplifier is very 
high (greater than 1000), the output voltage may be directly 
calculated from the following expression: 


(R2 + R1) 
VAS see es V 1 
O Ri ref (1) 


In the circuit shown in Figure 3, the output voltage can be 
adjusted from 1.8 volts to 20 volts by varying R2. The maxi- 
mum output current is determined by RSC; load-regulation 
characteristics for various values of RSC are shown in Fig- 
ure 4. 


When this circuit is used to provide high output currents at 
low output voltages, care must be exercised to avoid exces- 
sive IC dissipation. In the circuit of Figure 3, this dissipation 
control can be accomplished by increasing the primary-to- 
secondary transformer ratio (a reduction in V,) or by using a 
dropping resistor between the rectifier and the CA3085 regu- 
lator. Figure 5 gives data on dissipation limitation (V, - Vo vs. 
lo) for CA3085 series circuits. The short-circuit current is 
determined as follows: 


Vse 0.7 
So: =O 


amperes (2) 
Rsc Rsc 


The line-and-load regulation characteristics for the circuit 
shown in Figure 3 are approximately 0.05 percent of the out- 
put voltage. 


INPUT VOLTAGE (V+) = 15V 
OUTPUT VOLTAGE (V+) = 10V 
AMBIENT TEMPERATURE (Ta) = 25°C 


LOAD REGULATION - % Vo 


0 20 40 60 80 100 
LOAD CURRENT (IL)-mA 
FIGURE 4. LOAD REGULATION CHARACTERISTICS FOR 
CIRCUIT OF FIGURE 3. 


INPUT VOLTS MINUS OUTPUT VOLTS (V,- Vo) 


0 20 40 °~&# 60 80 100 
OUTPUT (Ig) - mA 


FIGURE 5. DISSIPATION LIMITATION (V;, - Vo VS. Io) FOR 
CA3085 SERIES CIRCUITS 


High-Current Voltage Regulator 


When regulated voltages at currents greater than 100 milli- 
amperes are required, the CA3085 can be used in conjunc- 
tion with an external n-p-n pass transistor as shown. in the 
circuits of Figure 6. In these circuits the output current avail- 
able from the regulator is increased in accordance with the 
Neg Of the external n-p-n pass transistor. Output currents up 
to 8 amperes can be regulated with these circuits. A Darling- 
ton power transistor can be substituted for the 2N5497 tran- 
sistor when currents greater than 8 amperes are to be 
regulated 
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CA3085 


Ru R2 


(b) WITH AUXILLIARY SHORT-CIRCUIT PROTECTION 


FIGURE 6. HIGH-CURRENT VOLTAGE REGULATOR USING 
n-p-n PASS TRANSISTOR 


A simplified method of short circuit protection is used in con- 


nection with the circuit of Figure 6(a). The variable resistor 
Rscp serves two purposes: 1) it can be adjusted to optimize 
the base drive requirements (hFE) of the particular 2N5497 
transistor being used, and 2) in the event of a short circuit in 
the regulated output voltage the base drive current in the 
2N5497 will increase, thereby increasing the voltage drop 
across Recp As this voltage drop increases the short circuit 
protection system within the CA3085 correspondingly 
reduces the output current available at terminal 8, as 
described previously. It should be noted that the degree of 
short circuit protection depends on the value of Rscp i.e., 
design compromise is required in choosing the value of 
Rscp to provide the desired base drive for the 2N5497 while 
maintaining the desired short circuit protection. Figure 6(b) 
shows an alternate circuit in which an additional transistor 
(2N2102) and two resistors have been added as an auxiliary 
short circuit protection feature. Resistor R3 is used to estab- 
lish the desired base drive for the 2N5497, as described 
above. Resistor Rimit NOW controls the short circuit output 
current because, in the event of a short circuit, the voltage 
drop developed across its terminals increases sufficiently to 
increase the base drive to the 2N2102 transistor. This 
increase in base drive results in reduced output from the 
CA3085 because collector current flow in the 2N2102 diverts 
base drive from the Darlington output stage of the CA3085 
(see Figure 2) through terminal 7. The load regulation of this 
Circuit is typically 0.025 per cent with 0 to 3 ampere load-cur- 


rent variation; line regulation is typically 0.025 percent/volt 


change in input voltage. . 


Voltage Regulator with Low V, - Vo Difference 


In the voltage regulators described in the previous section, it | 


is necessary to maintain a minimum difference of about 4 


volts between the input and output voltages. In some appli- 
cations this requirement is prohibitive. The circuit shown in 
Figure 7 can deliver an output current in the order of 2 
amperes with a V, - Vo difference of only one volt. 


2N4036 
Qi 


FIGURE 7. VOLTAGE REGULATOR FOR LOW V, - Vo 
DIFFERENCE — 


It employs a single external p-n-p transistor having its base 
and emitter connected to terminals 2 and 3, respectively, of 
the CA3085. In this circuit, the emitter of the output transistor 


-(Q14 in Figure 2) in the CA3085 is returned to the negative 


supply rail through an external resistor (RSCP) and two 
series-connected diodes (D1, D2). These forward biased 
diodes maintain Q6 in the CA3065 within linear-mode opera- 


tion. The choice of resistors R1 and R2 is made in accor- 


dance with Eq. (1). Adequate frequency compensation for 


this circuit is provided by the 0.01 microfarad capacitor con- 


nected between terminal 7 of the CA3085 and the negative 
supply rail. 


Figure 8 which shows the output impedance of the circuit of 
Figure 7 as a function of frequency, illustrates the excellent 
ripple-rejection characteristics of this circuit at frequencies 
below 1kHz. Lower output impedances at the higher fre- 


‘quencies can be provided by connecting an appropriate 


capacitor across the output voltage terminals. The addition 
of a capacitor will, however, degrade the ability of the system 
to.react to transient-load conditions. 


1000 (INPUT VOLTAGE (V+) = 15V 


OUTPUT VOLTAGE (V+o) = 10V 
AMBIENT TEMPERATURE (Ta) = 25°C 


-- 
i=) 
_ 2 


OUTPUT RESISTANCE (Ro) - OHMS 
r=) 


oi LL ELLIE Tre 
0.01 0.1 


FREQUENCY (f) - kHz 


FIGURE 8. OUTPUT RESISTANCE vs. FREQUENCY FOR 
CIRCUIT OF FIGURE 7 
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High Voltage Regulator 


Figure 9 shows a circuit that uses the CA3085 as a voltage 
reference and regulator control device for high-voltage 
power supplies in which the voltages to be regulated are well 
above the input-voltage ratings of the CA3085 series circuits. 
The external transistors Q1 and Q2 require voltage ratings in 
excess of the maximum input voltage to be regulated, 
Series-pass transistor Q2 is controlled by the collector cur- 
rent of Q1, which in turn is controlled by the normally regu- 
lated current output supplied by the CA3085. The input 
voltage for the CA3085 regulator at terminal 3 is supplied 
through dropping resistor R3 and the clamping zener diode 
D1. The values for resistor R1 and R2 are determined in 
accordance with Eq. (1). 


UNREG 
VI 
(e 9 !20V) 


FIGURE 9. HIGH VOLTAGE REGULATOR 
Negative Voltage Regulator 


The CA3085 is used as a negative-supply voltage regulator 
in the circuit shown in Figure 10. Transistor Q3 is the series 
pass transistor. It should be noted that the CA3085 is effec- 
tively connected across the load side of the regulated sys- 
tem. Diode D1 is used initially in a “circuit-starter’ function; 
transistor Q2 “latches” D1 out of its starter-circuit function so 
that the CA3085 can assume its role in controlling the pass 
transistor Q3 by means of Q1. 


Q3 


FIGURE 10. NEGATIVE VOLTAGE REGULATOR 


Operation of the circuit is as follows: current through R3 and 
D1 provides base drive for Q1, which in turn provides base 
drive for the pass-transistor Q3. By this means operating 
potential for the CA3085 is developed between the collector 
of Q3 (terminal 4 of the CA3085) and the positive supply-rail 
(terminal 3 of the CA3085). When the output voltage has 
risen sufficiently to maintain operation of the CA3085 
(approx. 7.5 volts), transistor Q2 is driven into conduction by 
the base drive supplied from the 1 kilohm-12 kilohm voltage 
divider. As Q2 becomes conductive, it diverts the base drive 
being supplied to Q1 through the R3-D1 path, and diode D1 
ceases to conduct. Under these conditions, base -current 
drive to Q1 through terminal 2 of the CA3085 regulates the 
base drive to Q3. Values of R1 and R2 are determined in 
accordance with Eq. (1). 


The circuit shown in Figure 11 is similar to that of Figure 10, 
except for the addition of a constant-current limiting circuit 
consisting of transistor Q4, a 1-kilohm resistor, and resistor 
RSCP. When the load current increases above a particular 
design value, the corresponding increase in the voltage drop 
across resistor RSCP provides additional base drive to tran- 
sistor Q4. Thus, as transistor Q4 becomes increasingly con- 
ductive, its collector current diverts sufficient base drive from 
Q3 to limit the current in the pass transistor feeding the regu- 
lated load. With the types of transistors shown in Figures 10 
and 11, maximum currents in the order of 5 amperes can be 
regulated. 


R Q3 
nee 2N5497 


FIGURE 11. NEGATIVE VOLTAGE REGULATOR WITH 
CONSTANT CURRENT LIMITING CIRCUIT 


High-Output-Current Voltage Regulator With “Foldback” 
Current-Limiting (Also known as “Switch-Back” 
Current-Limiting) 


In high-current voltage regulators employing constant cur- 
rent limiting (e.g., Figures 6 and 7), it is possible to develop 
excessive dissipation in the series-pass transistor when a 
short circuit develops across the output terminals. This situa- 
tion can be avoided by the use of the “foldback” current-limit- 
ing circuitry as shown in Figure 12. In this circuit, terminal 8 
of the CA3085 senses the output voltage, and terminal 1 is 
tied to a tap on a voltage-divider network connected 
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between the emitter of the pass-transistor (Q3) and ground. 
The current-foldback trip-point is established by the value of 


resistor RSC. 
ri 


CA3085 (8) 


FIGURE 12. HIGH OUTPUT CURRENT VOLTAGE REGULATOR, 
WITH “FOLDBACK” CURRENT LIMITING 


The protective tripping action is accomplished by forward- 
biasing Q15 in the CA3085 (see Figure 2). Conditions for 
tripping circuit operation are defined by the following expres- 
sions: | 


VseE(qi5) = (voltage at terminal 1) - (output voltage) 


_ RI 
= | (ve + IL Rgc) Ri + R2 | Vo (3) 
R1 
If —_——-__—___. = K, then 
R1 + R2 


VsE(Q15) = (Vo + IL Rec) K - Vo = KV + KILRge - Vo 
and therefore 
Vo + Vse(ais) - KVo 
KI, 


RSC = (4) 


Under load short-circuit conditions, terminal 8 is forced to 
ground potential and current flows from the emitter of Q14 in 
the CA3085, establishing terminal 1 at one Vsg-drop [=0.7V] 
above ground and Q15 in a partially conducting state. The 
current through Q14 necessary to establish this one Vsp 
condition is the sum of currents flowing to ground through R1 
and (R2 + Rgc]. Normally Rgc is much smaller than R2 and 
can be ignored; therefore, the equivalent resistance Req to 
ground is the parallel combination of R1 and R2. 


The Q14 current is then given by: 


0.7 [1.3 + 0.46] 
= SO 06MA 
1.3 x 0.46 


_ Vseais) _ Vseais) 
Reg -*RIR2 
R1 +R2 


lava 


This current provides a voltage between terminals 2 and 3 
as follows: 


Vo.g = larg X 2500hms = 2.06 x 10° x 250 = 0.515volt 


The effective resistance between terminals 2 and 3 is 
250 ohms because the external 500-ohm resistor R3 is in 
parallel with the internal 500-ohm resistor R5. It should be 
understood that the Vo.3 potential of 0.515 volt is insufficient 
to maintain the external p-n-p transistor Q2 in conduction, 
and, therefore, Q3 has no base drive. Thus the output current 
is reduced to zero by the protective circuitry. Figure 13 shows 
the foldback characteristic typical of the circuit of Figure 12. 


10 INPUT VOLTAGE 
: (Vj) = 15V 

a = CURRENT TRIP 
1 F SET FOR 1A ~ 
re) F 

ra = 

w 

g A 

5 3 

fe) = 

> 7 

F 

p= } = 

a. | 

E 5 

bas ) s 

fe) 5 


\ 2mA 
OUTPUT CURRENT (Ip)-A 


FIGURE 13. TYPICAL “FOLDBACK” CURRENT-LIMITING 
CHARACTERISTIC FOR CIRCUIT OF FIGURE 12 


An alternative method of providing “foldback” current-limiting 
is shown in Figure 14. The operation of this circuit is similar 
to that of Figure 12 except that the foldback-control transistor 
Q2 is external to the CA3085 to permit added flexibility in 
protection-circuit design. 


Under low load conditions Q2 is effectively reverse-biased by 
a small amount, depending upon the values of R3 and R4. 
As the small amount, depending upon the values of R3 and 
R4. As the load current increases the voltage drop across 
Rip increases, thereby raising the voltage at the base of Q1, 
and Q2 starts to conduct. As Q2 becomes increasingly con- 
ductive it diverts base current from transistors Q13 and Q14 
in the CA3085, and thus reduces base drive to the external 
pass-transistor Q1 with a consequent reduction in the output 
voltage. The point at which current-limiting occurs, ltnp, is 
calculated as follows: 


Ve(a1y = Voltage at terminal 8 - Vo (assuming a low value for Ryip) 
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Q! 
2N5497 
PASS TRANSISTOR 


FIGURE 14. HIGH-OUTPUT-CURRENT VOLTAGE REGULA- 
TOR USING AUXILIARY TRANSISTOR TO 
PROVIDE “FOLDBACK” CURRENT LIMITING 


R4 
( R3+ ) - Vo 


VpE(Q2)= Voltage at terminal 0 


R4 
Vot+iL R = 
= OF 'L Mtrip + | [ | -V 
[ VBE(a1) be . 

R4 

ifK =—____—-. ,_ then the trip current is given by: 
R3 + R4 

sxe Vpe(Q2) > K[Vo + Veg(a1)] 
is KP (7) 


In the circuit in Figure 12 the load current goes to zero when 
a short circuit occurs. In the circuit of Figure 14 the load cur- 
rent is significantly reduced but does not go to zero. The 
value for Igo is computed as follows: 


VeE(Q2) 


Vee(a2) + [= 


+1 | Ri=V +] — 
Ro B(Q2) BE(Q1) + 'SCRtrip 


VBE(Q2) 


V ee + | | Ri=V, 
BE(Q2) [ Ro B(Q2) BE(Q1) 


Isc = 
Rtrip (8) 


Figure 15 shows that the transfer characteristic of the load 
current is essentially linear between the “trip-point” and the 
“short-circuit” point. 


INPUT VOLTAGE (V)) = 15V 
CURRENT TRIP SET FOR 500mA 


OUTPUT VOLTAGE (Vo)-V 


0 100 200 300 400 500 
OUTPUT CURRENT (Io) - mA 


FIGURE 15. TYPICAL FOLDBACK CURRENT-LIMITING CHAR- 
ACTERISTIC FOR CIRCUIT OF FIGURE 14 


High-Voltage Regulator Employing Current “Snap-Back” 
Protection 


In high-voltage regulators (e.g., see Figure 9), “foldback” cur- 
rent-limiting cannot be used safely because the high voltage 
across the pass transistor can cause second breakdown 
despite the reduction in current flow. To adequately protect 
the pass transistor in this type of high-voltage regulator, the 
so-called “snap-back” method of current limiting can be 
employed to reduce the current to zero in a few microsec- 
onds, and thus prevent second-breakdown destruction of the 
device. 


The circuit diagram of a high-voltage regulator employing 
current “snap-back” protection is shown in Figure 16. The 
basic regulator circuit is similar to that shown in Figure 9. 
The additional circuitry in the circuit of Figure 16 quickly 
interrupts base drive to the pass transistor in event of load 
fault. The point of current-trip is established as follows: 


VBE(Q1) 


(9) 


lhtip = 


Rgc 


UNREG. 
VI 
(e.g !20V) 


FIGURE 16. HIGH-VOLTAGE REGULATOR INCORPORATING 
CURRENT “SNAP-BACK” PROTECTION 
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Thus, when a sufficient voltage drop is developed across 
Rsc, transistor Q1 becomes conductive and current flows 
into the base of Q2 so that it also becomes conductive. Tran- 
sistor Q3, in turn, is driven into conduction, thereby latching 
the Q2-Q3 combination (basic SCR action) so that it diverts 
(through terminal 7) base drive from the output stage (Q13, 
Q14) in the CA3085. By this means, base drive is diverted 
from Q4 and the pass transistor Q5. To restore regulator 
operation, normally closed switch S1 is momentarily opened 
and unlatches Q2-Q3. | 


Switching Regulator 


When large input-to-output voltage differences are neces- 
sary, the regulators described above are inefficient because 
they dissipate significant power in the series-pass transistor. 
Under these conditions, high-efficiency operation can be 
achieved by using a switching-type regulator of the generic 
type shown in Figure 17(a). Transistor Q1 acts as a keyed 
switch and operates in either a saturated or cut-off condition 
to minimize dissipation. When transistor Q1 is conductive, 
diode D1 is reversed-biased and current in the inductance 
Li increases in accordance with the following relationship: 


tt, 
i= -J Vat 
Lt 


(10) 


FORWARD OROP OF OI 


(b) VOLTAGE AT POINT Vx 


(c) INDUCTOR CURRENT |, 


OVo 


REG. Vo 


(d) OUTPUT VOLTAGE 


FIGURE 17. SWITCHING REGULATOR AND ASSOCIATED 
WAVEFORMS . 


Where V is the voltage across the inductance L1. The cur- 
rent through the inductance charges the capacitor C1 and 
supplies current to the load. The output voltage rises until it 
slightly exceeds the reference voltage V,,;. At this point the 
op-amp removes base drive to Q1 and the unregulated input 
voltage V1 is “switched off’. The energy stored in the induc- 
tor L1 now causes the voltage at V, to swing in the negative 
direction and current flows through diode D1, while continu- 
ing to supply current into the load R,. As the current in the 
inductor falls below the load current, the capacitor C1 begins 
to discharge and Vo decreases. When Vo falls slightly below 
the value of V,.;, the op-amp turns on Q1 and the cycle is 
repeated. It should be apparent that the output voltage oscil- 
lates about V,,, with an amplitude determined by R1 and R2. 
Actually, the value of V,,, varies from being slightly more 
positive than V,,, when Q1 is conducting, to being slightly 
more negative than V,,; when D1 is conducting. The voltage 
and current waveforms are shown in Figure 17(b), (c), and (d). 


Design Example 


The following specifications are used in decomputations for 
a switching regulator: 


V, = 30V, Vo = 5V, Io = 500mA, 
switching frequency = 20kHz, 
output ripple = 100mV 


lf it is assumed that transistor Q1 is in steady-state saturated 
operation with a low voltage-drop, the current in the inductor 
is given by Eq.10, as follows: 


h=1 J vat= ee (11) 


L, 


When transistor Q1 is off, the current in the inductor is given 
by: 


(Vo + Vp) tot 3 
ay NO 00 ot 12 
IL r (12) 
From Eq. 11, 
V,-V, 1 V 
eee ae : (13) 
IL f Vi 


If imax iS 1.3 I,, then during tp, the current in the inductor (i,) 
will be 0.5A x 1.3 = 0.65A; therefore, Ai, = 0.15A. 


Substitution in Eq. 13 yields 
(30 - 5) 1 


= 
Dea ed 


; 14 
0.15 (20x 10°) 30 v2 


Current discharge from the capacitor C1 is given by: 


: C dv 
Ir = 
dt 
: Av Aic At 
Thus, Ai,= C oC= ————— 
At AV 


Since i, = iLand At = toy, then 
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Ai Current Regulators 
Ce t lott 18) 
AV The CA3085 series of voltage regulators can be used to pro- 


vide a constant source or sink current. A regulated-current 
supply capable of delivering up to 100 milliamperes is shown 
( Vi-Vo ) 1 ( Vo ) in Figure 19(a). The regulated load current is controlled by 
ap Nye pte 
AV 


Substitution for the value of iL from Eq. 13 yields 


R1 because the current flowing through this resistor must 

(16) | establish a voltage difference between terminals 6 and 4 that 
is equal to the internal reference voltage developed between 
terminals 5 and 4. 


C= 


1 
The total period T = to# + ton, and T = ~~ Theretore, 


1 
tot = - on | (17) 
For optimum efficiency t,, should be - 
V V 1 
= ( = ) T= ( = ) — (18) 
Vi V; f 
Substitution for t,, in Eq. 18 yields 
1 Voo No 4 Vo 
wt Ger —7 wa 
Substitution for t,, in Eq. 16 yields (a) CURRENT REGULATOR 
(V).Vo) 1. Vo 1 ( ,_ ve ) ponds 
L; ; { ; V; ; £ ; ” V; 


C= (20) 


Substitution of numerical values in Eq. 20 produces the fol- 
lowing value for C: 


30-5 1 5 1 (: 5 ) 
1.4x10% 20x10" 30° 200x102 \ 39 
= = 63yF 
10°! 
UNREG 


A switching-regulator circuit using the CA3085 is shown in NEI, a 

Figure 18. The values of L and C (1.5 millihenries and 50 HIGH*CURRENT REGULATOR 

microfarads, respectively) are commercially available com- 

ponents having values approximately equal to the computed (b) HIGH-CURRENT REGULATOR 

values in the previous design example. FIGURE 19. CONSTANT CURRENT REGULATORS 
Naose The actual regulated current, reg |, is the sum of the quies- 


as cent regulator current and the current through R_1, i.e., 
I 


reg IL = Iquiescent + !r1 


Figure 19(b) shows a high-current regulator using the 
CA3085 in conjunction with an external n-p-n transistor to 
regulate currents up to 3 amperes. In this circuit the quies- 
cent regulator current does not flow through the load and the 
output current can be directly programmed by R1, i.e., 


APPLICATION 
NOTES 


Vv 
Reg |, = —™ 
40V = ; : = 
oF ” Perens With this regulator currents between 1 milliampere. and 3 
Rumit "T2z,;imax) YO" VREF ( Ri ) amperes can be programmed directly. At currents below 1 


milliampere inaccuracies may occur as a result of leakage in 


FIGURE 18. TYPICAL SWITCHING REGULATOR CIRCUIT the external transistor. 
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A Dual-Tracking Voltage Regulator 


A dual-tracking voltage regulator using a CA3085 and a 
CA3094A* is shown in Figure 20. The CA3094A is basically 
an op amp capable of supplying 100 milliamperes of output 
current | 


The positive output voltage is regulated by a CA3085 operat- 
ing in a configuration essentially similar to that described in 
connection with Figure 3. Resistor R is used as a vernier 
adjustment of output voltage. The negative output voltage is 
regulated by the CA3094A, which is “slaved” to the regulated 
positive voltage supplied by the CA3085. It should be noted 
that the non-inverting input of the CA3094A and the negative 
supply terminal of the CA3085 are connected to a common 
ground reference. The “slaving” potential for the CA3094A is 
derived from an accurate 1:1 voltage-divider network com- 
prised of two 10-kilohm resistors connected between the 
+15 volt and the -15 volt output terminals. The junction of 
these two resistors is connected to the inverting input of the 
CA3094A. The voltage at this junction is compared with the 
voltage at the non-inverting input, and the CA3094A then 
automatically adjusts the output current at the negative ter- 
minal to maintain a negative regulated output voltage essen- 
tially equal to the regulated positive output voltage. Typical 
performance data for this circuit are shown in Figure 20. 


+ 
aV* INPUT +15V 
REG. 
OUTPUT 


0.03 pF 


-I5V 
OREG. 
OUTPUT 


aa V7 INPUT 


#VTINPUT RANGESI9 TO 30 V 
FOR {SV OUTPUT 
#aV-INPUT RANGE*®=16 TO—30 V 
FOR-15 V PUT 
OUTPUT REGULATION: 
MAX. LINE © “4 Vout 
[Your (niTiaL) OVIN 
MAX. LOAD = 4 Voyy 
Vout (INITIAL) 


10 K8 
21% 


%10020.075%/V 


8 100*0.075% Vout 
(I_ FROM 1 TO 50 ma) 


FIGURE 20. DUAL-VOLTAGE TRACKING REGULATOR 


The basic circuit of Figure 20 can be modified to regulate 
dissimilar positive and negative voltages (e.g., +15V, -5V) by 
appropriate selection of resistor ratios in the voltage-divider 
network discussed previously. As an example, to provide 
tracking of the -15V and -5V regulated voltages with the cir- 


cuit of Figure 20, it is only necessary to replace the 10- 
kilonm resistor connected between terminals 3 and 8 of the 
CA3094A with a 3.3-kilohm resistor. 


Regulators With High Ripple Rejection 


When the reference-voltage source in the CA3085 is ade- 
quately filtered, the typical ripple rejection provided by the 
circuit is 56dB. It is possible to achieve higher ripple-rejec- 
tion performance by cascading two stages of the CA3085, 
as shown in Figure 21. The voltage-regulator circuit in Figure 
21(a) provides 90dB of ripple rejection. The output voltage is 
adjustable over the range from 1.8 to 30 volts by appropriate 
adjustment of resistors R1 and R2. Higher regulated output 
currents up to 1 ampere can be obtained with this circuit by 
adding an external n-p-n transistor as shown in Figure 21(b). 


UNREG. 0 562 | 62 
VI 
(2) <i REG. 
Vo 
i (8) 
’ S 
4) @ © 


90¢dB8 RIPPLE REJECTION 

LINE REG. <0.000I % /Vy 

LOAD REG.<0.!1%Vo FOR LOAD CURRENTS UP TO 50mA 
Vo RANGE FROM IBV TO 30V 


40Vv 


(a) VOLTAGE REGULATOR WITH HIGH RIPPLE REJECTION 


= O00LF 


(b) HIGH-CURRENT VOLTAGE REGULATOR WITH HIGH 
RIPPLE REJECTION 


FIGURE 21. REGULATORS WITH HIGH RIPPLE REJECTION 


The CA3085 As A Power Source For Sensors 


Certain types of sensor applications require a regulated 
power source. Additionally, low-impedance sensors can con- 
sume significant power. An example of a circuit with these 
requirements, in which a CA3085 provides regulated power 
for a low-impedance sensor and the CA3059”* zero-voltage 
switch, is shown in Figure 22. Terminal 12 on the CA3059 
provides the ac trigger-signal which actuates the zero-volt- 
age switch synchronously with the power line to control the 
load-switching triac. 
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(2) 

i? 
A3085A 

(©) 


Pe, 


FIGURE 22. VOLTAGE REGULATOR FOR SENSOR AND ZERO- 
VOLTAGE SWITCH 


The CA3085 As A General-Purpose Amplifier 


As described above, the CA3085 series regulators contain a 
high-gain linear amplifier having a current-output capability 
up to 100 milliamperes. The premium type (CA3085B) can 
operate at supply voltages up to 50 volts. When equipped 
with an appropriate radiator or heat sink, the TO-5 package 
of these devices can dissipate up to 1.6 watts at 55°C. A 
very stable internal voltage-reference source is used to bias 
the high-gain amplifier and/or provide an external voltage- 
reference despite extreme temperature or supply-voltage 


variations. These factors, plus economics, prompt consider- 
ation of this circuit for general-purpose uses, such as amplifi- 
ers, relay controls, signal-lamp controls, and thyristor firing. 


As an example, Figure 23 shows the application of the 
CA3085 in a general-purpose amplifier. Under the conditions 
shown, the circuit has a typical gain of 70bB with a flat 
response to at least 100kHz without the RC network con- 
nected between terminals 6 and 7. The RC network is useful 
as a tone control or to “roll-off? the amplifier response for 
other reasons. Current limiting is not used in this circuit. The 
network connected between terminals 8 and 6 provides both 
dc and ac feedback. This circuit is also applicable for directly 
driving an external discrete n-p-n power transistor. 


R *12V 


FIGURE 23. GENERAL-PURPOSE AMPLIFIER USING CA3085A 
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_ FEATURES AND APPLICATIONS OF INTEGRATED CIRCUIT 
ZERO-VOLTAGE SWITCHES (CA3058, CA3059, AND CA3079) 


Authors: A.C.N. Sheng, G.J. Granieri, J. Yellin, and T. McNulty 


CA3058, CA3059 and CA3079 zero-voltage switches are 
monolithic integrated circuits designed primarily for use as 
trigger circuits for thyristors in many highly diverse AC power 
control and power switching applications. These integrated 
circuit switches operate from an AC input voltage of 24, 120, 
208 to 230, or 277V at 50, 60, or 400Hz. 


The CA3059 and CA3079 are supplied i in a 14 terminal dual- 
in-line plastic package. The CA3058 is supplied in a 14 
terminal dual-in-line ceramic package. . 


Zero-voltage switches (ZVS) are particularly well suited for 
use as thyristor trigger circuits. These switches trigger the 
thyristors at zero-voltage points in the supply voltage cycle. 
Consequently, transient load current surges and radio 
frequency interference (RFI) are substantially reduced. In 
addition, use of the zero-voltage switches also reduces the 
rate of change of on state current (di/dt) in the thyristor being 
triggered, an important consideration in the operation of 
thyristors. These switches can be adapted for use in a 
variety of control functions by use of an internal differential 
comparator to detect the difference between two externally 
developed voltages. In addition, the availability of numerous 
terminal connections to. internal circuit points greatly 
increases circuit flexibility and further expands the types of 
AC power control applications to which these integrated 
circuits may be adapted. The excellent versatility of the zero- 
voltage switches is demonstrated by the fact that these 
circuits have been used to provide transient free temperature 
control in self cleaning ovens, to control gun muzzle 
temperature in low temperature environments, to provide 
sequential switching of heating elements in warm air 
furnaces, to switch traffic signal lights at street intersections, 
and to effect other widely different AC power control 
functions. 


Functional Description 


Zero-voltage switches are multistage circuits that employ a 
diode limiter, a zero crossing (threshold) detector, an on/off 
sensing amplifier (differential comparator), and a Darlington 
output driver (thyristor gating circuit) to provide the basic 
switching action. The DC operating voltages for these stages is 
provided by an internal power supply that has sufficient current 
capability to drive external circuit elements, such as transistors 
and other integrated circuits. An important feature of the zero- 
voltage switches is that the output trigger pulses can be applied 
directly to the gate of a triac or a silicon controlled rectifier 


Copyright © Harris Corporation 1992 


(SCR). The CA3058 and CA3059 also feature an interlock 
(protection) circuit that inhibits the application of these pulses to 
the thyristor in the event that the external sensor should be 
inadvertently opened or shorted. An external inhibit connection 
(terminal No. 1) is also available so that an external signal can 
be used to inhibit the output drive. This feature is not included in 
the CA3079; otherwise, the three integrated circuit zero-voltage 
switches are electrically identical. 


Overall Circuit Operation 


Figure 1 shows the functional interrelation of the zero-volt- 
age switch, the external sensor, the thyristor being triggered, 
and the load elements in an on/off type of AC power control 
system. As shown, each of the zero-voltage switches incor- 
porates four functional blocks as follows: 


Limiter Power Supply - Permits operation directly from an 
AC line. 


Differential On/Off Sensing Amplifier - Tests the condition of 
external sensors or command signals. Hysteresis or proportional 
control capability may easily be implemented in this section. 


Zero Crossing Detector - Synchronizes the output pulses 
of the circuit at the time when the AC cycle is at a zero-volt- 
age point and thereby eliminates radio frequency interfer- 
ence (RFI) when used with resistive loads. 


Triac Gating Circuit - Provides high current pulses to the 
gate of the power controlling thyristor. 


In addition, the CA3058 and CA3059 provide the following 
important auxiliary functions (shown in Figure 1): 


1. A built-in protection circuit that may be actuated to remove 
drive from the triac if the sensor opens or shorts. 


2. Thyristor firing may be inhibited through the action of an 
internal diode gate connected to terminal 1. 


3. High power DC comparator operation is provided by over- 
riding the action of the zero crossing detector. This over- 
ride is accomplished by connecting terminal 12 to terminal 
7. Gate current to the thyristor is continuous when terminal 
13 is positive with respect to terminal 9. 


Figure 2 shows the detailed circuit diagram for the integrated 
Circuit Zero-voltage switches. (The diagrams shown in Figures 
1 and 2 are representative of all three zero-voltage switches, 
l.e., the CA3058, CA3059, and CA3079; the shaded areas 
indicate the circuitry that is not included in the CA3079.) 
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The limiter stage of the zero-voltage switch clips the incom- 
ing AC line voltage to approximately t8V. This signal is then 
applied to the zero-voltage crossing detector, which gener- 
ates an output pulse each time the line voltage passes 
through zero. The limiter output is also applied to a rectifying 
diode and an external capacitor, Cs, that comprise the DC 
power supply. The power supply provides approximately 6V 
as the Voc supply to the other stages of the zero-voltage 
switch. The on/off sensing amplifier is basically a differential 
comparator. The thyristor. gating circuit contains a driver for 
direct triac triggering. The gating circuit is enabled when all 
the inputs are at a “high” voltage, i.e., the line voltage must 
be approximately zero volts, the sensing amplifier output 
must be “high”, the external voltage to terminal 1 must ea 
logical “O”, and, for the CA3058 and CA3059, the output of 
the fail-safe circuit must be “high”. Under these conditions, 
the thyristor (triac or SCR) is triggered when the line voltage 
is essentially zero volts. 


_Thyristor Triggering Circuits 


The diodes D, and Dz in Figure 2 form a symmetrical clamp 
that limits the voltages on the chip to +8V; the diodes D7 and 
D,3 form a half-wave rectifier that develops a positive voltage 
on the external storage capacitor, Cr 


The output pulses used to trigger the power switching thyris- 
tor are actually developed by the zero crossing detector and 
the thyristor gating circuit. The zero crossing detector con- 
sists of diodes Dz and through Dg, transistor Q,, and the 
associated resistors shown in Figure 2. Transistors Q, and 
Q, through Qg and the associated resistors comprise the 
thyristor gating circuit and output driver. These circuits gen- 
erate the output pulses when the AC input is at a zero-volt- 
age point so that RFI is virtually eliminated when the zero- 
voltage switch and thyristor are used with resistive loads. 


The operation of the zero crossing detector and thyristor gat- 
ing circuit can be explained more easily if the on state (i.e., 
the operating state in which current is being delivered to the 
thyristor gate through terminal 4) is considered as the oper- 
ating condition of the gating circuit. Other circuit elements in 
the zero-voltage switch inhibit the gating circuit unless cer- 
tain conditions are met, as explained later. 


In the on state of the thyristor gating circuit, transistors Qg 
and Qg are conducting, transistor Q; is off, and transistor Q. 
is on. Any action that turns on transistor Q7 removes the 
drive from transistor Qg and thereby turns off the thyristor. 
Transistor Q7 may be turned on directly by application of a 
minimum of +1.2V at 10A to the external inhibit input, termi- 
nal 1. (If a voltage of more than 1.5V is available, an external 
resistance must be added in series with terminal 1 to limit 
the current to 1 milliampere.) Diode Dj isolates the base of 
transistor Q7 from other signals when an external inhibit sig- 
nal is applied so that this signal is the highest priority com- 
mand for normal operation. (Although grounding of terminal 
6 creates a higher priority. inhibit function, this level is not 
compatible with normal DTL or TTL logic levels.) Transistor 
Q; may also be activated by turning off transistor Q, to allow 
current flow from the power supply through resistor Rz and 
diode D9 into the base of Q7. Transistor Qg is normally 


maintained in conduction by current that flows into its base 
through resistor Ro and diodes Dg and Dg when transistor Q, 
is off. 


Transistor Q, is a portion of the zero crossing detector. 
When the voltage at terminal 5 is greater than +3V, current 
can flow through resistor R,, diode Dg, the base-to-emitter 
junction of transistor Q;, and diode D, to terminal 7 to turn 
on Q,. This action inhibits the delivery of a gate-drive output 
signal at terminal 4. For negative voltages at terminal 5 that 
have magnitudes greater than 3V, the current flows through 
diode Dg, the emitter-to-base junction of transistor Q,, diode 
D3, and resistor R;, and again turns on transistor Q,. Tran- 
sistor Q, is off only when the voltage at terminal 5 is less 
than the threshold voltage of approximately +2V. When the 
integrated circuit zero-voltage switch is connected as shown 
in Figure 2, therefore, the output is a narrow pulse which is 
approximately centered about the zero-voltage time in the 
cycle, as shown in Figure 3. In some applications, however, 
particularly those that. use either slightly inductive or low 
power loads, the thyristor load current does not reach the 
latching current value” by the end of this pulse. An external 
capacitor Cy connected between terminal 5 and 7, as shown 
in Figure 4, can be used to delay the pule to accommodate 
such loads. The amount of pulse stretching and delay is 
shown in Figures 5(a) and 5(b). 


* The latching current is the minimum current required to sustain 
conduction immediately after the thyristor is switched from the off 
to the on state and the gate signal is removed. 


AC LINE 


POSITIVE 
dv/dt 


NEGATIVE 
dv/dt 


itpy int i tnt he 


ie tpn! be ty-= 
FIGURE 3. WAVEFORM SHOWING OUTPUT PULSE 
DURATION OF THE ZERO-VOLTAGE SWITCH. 
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FIGURE 4. USE OF A CAPACITOR BETWEEN TERMINALS 5 
AND 7 TO DELAY THE OUTPUT PULSE OF THE 
ZERO-VOLTAGE SWITCH 
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FIGURE 5. CURVES SHOWING EFFECT OF EXTERNAL CA- 
PACITANCE ON (a) THE TOTAL OUTPUT PULSE 
DURATION, AND (b) THE TIME FROM ZERO 
CROSSING TO THE END OF THE PULSE 


Continuous gate current can be obtained if terminal 12 is 
connected to terminal 7 to disable the zero crossing detec- 
tor. In this mode, transistor Q,; is always off. This mode of 
operation is useful when comparator operation is desired or 
when inductive loads must be switched. (If the capacitance 
in the load circuit is low, most RFI is eliminated.) Care must 
be taken to avoid overloading of the internal power supply in 
this mode. A sensitive gate thyristor should be used, and a 
resistor should be placed between terminal 4 and the gate of 
the thyristor to limit the current, as pointed out later under 
Special Application Considerations. | 


Figure 6 indicates the timing relationship between the line 
voltage and the zero-voltage switch output pulses. At 60Hz, 
the pulse is typically 100us wide; at 400Hz, the pulse width 
is typically 12us. In the basic circuit shown, when the DC 
logic signal is “high”, the output is disabled; when it is “low’, 
the gate pulses are enabled. 


GATE 
PULSES[ Ei FI H 


FIGURE 6. TIMING RELATIONSHIP BETWEEN THE OUTPUT 
PULSES OF THE ZERO-VOLTAGE SWITCH AND 
THE AC LINE VOLTAGE 


On/Off Sensing Amplifier 


The discussion thus far has considered only cases in which 
pulses are present all the time or not at all. The differential 
sense amplifier consisting of transistors Qo, Q3, Q4, and Qs 
(shown in Figure 2) makes the zero-voltage switch a flexible 
power control circuit. The transistor pairs Qo-Q, and Q3-Qs 
form a high beta composite p-n-p transistors in which the 
emitters of transistors Q4 and Qs act as the collectors of the 
composite devices. These two composite transistors are 
connected as a differential amplifier with resistor Rg acting 
as aconstant current source. The relative current flow in the 
two “collectors” is a function of the difference in voltage 
between the bases of transistors Q, and Q3. Therefore, 
when terminal 13 is more positive than terminal 9, little or no 
current flows in the “collector” of the transistor pair Qo-Q,. 
When terminal 13 is negative with respect to terminal 9, 
most of the current flows through that path, and none in ter- 
minal 8. When current flows in the transistor pair Q5-Q,, 
through the base emitter junction of transistor Q,, and finally 
through the diode D, to terminal 7. Therefore, when V3 is 
equal to or more negative than Vo, transistor Q, is on, and 
the output is inhibited. 


In the circuit shown in Figure 1, the voltage at terminal 9 is 
derived from the supply by connection of terminals 10 and 11 to 
form a precision voltage divider. This divider forms one side of a 
transducer bridge, and the potentiometer Rp and the negative 
temperature coefficient (NTC) sensor form the other side. At 
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low temperatures, the high resistance of the sensor causes ter- 
minal 13 to be positive with respect to terminal 9 so that the thy- 
ristor fires on every half cycle, and power is applied to the load. 
As the temperature increases, the sensor resistance decreases 
until a balance is reached, and V,3 approaches V9. At this 
point, the transistor pair Qj-Q, tums on and inhibits any further 
pulses. The controlled temperature is adjusted by variation of 
the value of the potentiometer Rp For cooling service, either the 
positions of Rp and the sensor may be reversed or terminals 9 
and 13 may be interchanged. 


The low bias current of the sensing amplifier permits opera- 
tion with sensor impedances of up to 0.1MQ at balance 
without introduction of substantial error (i.e., greater than 5 
percent). The error may be reduced if the internal bridge ele- 
ments, resistors Ry and Re, are not used, but are replaced 
with resistances which equal the sensor impedance. The 
minimum value of sensor impedance is restricted by the cur- 
rent drain on the internal power supply. Operation of the 
zero-voltage switch with low impedance sensors is dis- 
cussed later under Special Application Considerations. The 
voltage applied to terminal 13.must be greater than 1.8V at 
all times to assure proper operation. 


Protection Circuit 


A special feature of the CA3058 and CA3059 zero-voltage 
switches is the inclusion of an interlock type of circuit. This 
circuit removes power from the load by interrupting the thy- 
ristor gate drive if the sensor either shorts or opens. 
However, use of this circuit places certain constraints upon 
the user. Specifically, effective protection circuit operation is 
dependent upon the following conditions: 


1. The circuit configuration of Figure 1 is used, with an inter- 
nal supply, no external load on the supply, and terminal 14 
connected to terminal 13. 


2. The value of potentiometer Rp and of the sensor resis- 
tance must be between 2000Q and 0.1MQ. 


3. The ratio of sensor resistance and Rp must be greater 
than 0.33 and less than 3.0 for all normal conditions. (If ei- 
ther of these ratios is not met with an unmodified sensor, 
a series resistor or a shunt resistor must be added to avoid 
undesired activation of the circuit.) 


The protective feature may be applied to other systems 
when operation of the circuit is understood. The protection 
circuit consists of diodes Dy. and Dy. and transistor Qyo. 
Diode D, activates the protection circuit if the sensor shown 
in Figure 1 shorts or its resistance drops too low in value, as 
follows: Transistor Qg is on during an output pulse so that the 
junction of diodes Dg and Dj». is 3 diode drops (approxi- 
mately 2V) above terminal 7. As long as V1, is more positive 
or only 0.15 volt negative with respect to that point, diode 
D,. does not conduct, and the circuit operates normally. If 
the voltage at terminal 14 drops to 1 volt, the anode of diode 
Dg can have a potential of only 1.6 to 1.7V, and current does 
not flow through diodes Dg and Dg and transistor Qg. The 
thyristor then turns off. 


The actual threshold is approximately 1.2V at room tempera- 
ture, but decreases 4yV per degree C at higher 


temperatures. As the sensor resistance increases, the volt- 
age at terminal 14 rises toward the supply voltage. At a 
voltage of approximately 6V, the zener diode D;s5 breaks 
down and turns on transistor Qj, which then turns off tran- 
sistor Qg and the thyristor. If the supply voltage is not at least 
0.2 volt more positive than the breakdown voltage of diode 
D,s5, activation of the protection circuit is not possible. For 
this reason, loading the internal supply may cause this circuit 
to malfunction, a may selection of the wrong external supply 
voltage. Figure 7 shows a guide for the proper operation of 
the protection circuit when an external supply is used with a 
typical integrated circuit zero-voltage switch. 


THYRISTOR TURN-OFF 


AREA OF UNCERTAIN 
OPERATION 


AREA OF NORMAL 
OPERATION 


VOLTAGE AT TERMINAL (14V) 


AREA OF UNCERTAIN 
OPERATION 


AMBIENT TEMPERATURE (°C) 


FIGURE 7. OPERATING REGIONS FOR BUILT-IN PROTECTION 
CIRCUITS OF A TYPICAL ZERO-VOLTAGE SWITCH. 


Special Application Considerations 


As pointed out previously, the Harris integrated circuit zero- 
voltage switches (CA3058, CA3059 and CA3079) are excep- 
tionally versatile units than can be adapted for use in a wide 
variety of power control applications. Full advantage of this 
versatility can be realized, however, only if the user has a 
basic understanding of several fundamental considerations 
that apply to certain types of applications of the zero-voltage 
switches. 


Operating Power Options 


Power to the zero-voltage switch may be derived directly 
from the AC line, as shown in Figure 1, or from an external 
DC power supply connected between terminals 2 and 7, as 
shown in Figure 8. When the zero-voltage switch is operated 
directly from the AC line, a dropping resistor Rg of 5,000 to 
10,0002. must be connected in series with terminal 5 to limit 
the current in the switch circuit. The optimum value for this 
resistor is a function of the average current drawn from the 
internal DC power supply, either by external circuit elements 
or by the thyristor trigger circuits, as shown in Figure 9. The 
chart shown in Figure 1 indicates the value and dissipation 
rating of the resistor Rg for AC line voltages 24, 120, 208 to 
230, and 277V. 
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FIGURE 8. OPERATION OF THE ZERO-VOLTAGE SWITCH 
FROM AN EXTERNAL DC POWER SUPPLY CON- 
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FIGURE 9. DC SUPPLY VOLTAGE AS A FUNCTION OF EXTER- 
NAL LOAD CURRENT FOR SEVERAL VALUES 


Half Cycling Effect 


The method by which the zero-voltage switch senses the 
zero crossing of the AC power results in a half cycling 
phenomenon at the control point. Figure 10 illustrates this 
phenomenon. The zero-voltage switch senses the zero- 
voltage crossing every half cycle, and an output, for example 
pulse No. 4, is produced to indicate the zero crossing. 
During the remaining 8.3ms, however, the differential 
amplifier in the zero-voltage switch may change state and 
inhibit any further output pulses. The uncertainty region of 
the differential amplifier, therefore, prevents pulse No. 5 from 
triggering the triac during the negative excursion of the AC 
line voltage. 


When a sensor with low sensitivity is used in the circuit, the 
zero-voltage switch is very likely to operate in the linear 
mode. In this mode, the output trigger current may be 


sufficient to trigger the triac on the positive going cycle, but 
insufficient to trigger the device on the negative going cycle 
of the triac supply voltage. This effect introduces a half 
cycling phenomenon, i.e., the triac is turned on during the 
positive half cycle and turned off during the negative half 
cycle. 


TRIGGER 
PULSES 
OUT OF 
CA3059 


Vi 
LOAD 
VOLTAGE 


FIGURE 10. HALF CYCLING PHENOMENON IN THE ZERO- 
VOLTAGE SWITCH 


Several techniques may be used to cope with the haif cycling 
phenomenon. If the user can tolerate some hysteresis in the 
control, then positive feedback can be added around the dif- 
ferential amplifier. Figure 11 illustrates this technique. The 
tabular data in the figure lists the recommended values of 
resistors R1 and R2 for different sensor impedances at the 
control point. 
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FIGURE 11. CA3058 OR CA3059 ON-OFF CONTROLLER WITH 
HYSTERESIS 


lf a significant amount (greater than +10%) of controlled 
hysteresis is required, then the circuit shown in Figure 12 
may be employed. In this configuration, external transistor 
Q, can be used to provide an auxiliary timed delay function. 
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For applications that require complete elimination of half 
cycling without the addition of hysteresis, the circuit shown in 
Figure 13 may be employed. This circuit uses a CA3098E 
integrated circuit programmable comparator with a zero- 
voltage switch. A block diagram of CA3098E is shown in 


E M2 Figure 14. Because the CA3098E contains an integral 
NTC flip-flop, its output will be in either a “O” or “1” state. 
8 THERM: MT, Consequently the zero-voltage switch cannot operate in the 


linear mode, and spurious half cycling operation is 
prevented. When the signal input voltage at terminal 8 of the 
CA3098E is equal to or less than the “low” reference voltage 
(LR), current flows from the power supply through resistor R, 
and Ro, and a logic “O” is applied to terminal 13 of the 
zero-voltage switch. This condition turns off the triac. The 
triac remains off until the signal input voltage rises to or 
exceeds the “high” reference voltage (HR), thereby effecting 
a change in the state of the flip-flop so that a logic “1” is 
applied to terminal 13 of the zero-voltage switch, and 
triggers the triac on. 
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FIGURE 12. CA3058 OR CA3059 ON/OFF CONTROLLER WITH 
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FIGURE 13. SENSITIVE TEMPERATURE CONTROL 
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FIGURE 14. BLOCK DIAGRAM OF CA3098 PROGRAMMABLE SCHMITT TRIGGER 
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“Proportional Control” Systems 


The on/off nature of the contro! shown in Figure 1 causes 
some overshoot that leads to a definite steady state error. 
The addition of hysteresis adds further to this error factor. 
However, the connections shown in Figure 15(a) can be 
used to add proportional control to the system. In this circuit, 
the sense amplifier is connected as a free running multivi- 
brator. At balance, the voltage at terminal 13 is much less 
than the voltage at terminal 9. The output will be inhibited at 
all times until the voltage at terminal 13 rises to the design 
differential voltage between terminals 13 and 9; then propor- 
tional control resumes. The voltage at terminal 13 is as 
shown in Figure 15(b). When this voltage is more positive 
than the threshold, power is applied to the load so that the 
duty cycle is approximately 50 percent. With a 0.1MQ sensor 
and values of Rp = 01.MQ, Ro = 10,000Q, and Ceyz = 10pF, 
a period greater than 3 seconds is achieved. This period 
should be much shorter than the thermal time constant of 
the system. A change in the value of any of these elements 
changes the period, as shown in Figure 16. As the resis- 
tance of the sensor changes, the voltage on terminal 13 
moves relative to Vg. A cooling sensor moves V,, in a posi- 
tive direction. The triac is on for a larger portion of the pulse 
cycle and increases the average power to the load. 


(a) 


TRIAC TRIAC 
OFF ON 


(b) 


FIGURE 15. USE OF THE CA3058 OR CA3059 IN A TYPICAL 
HEATING CONTROL WITH PROPORTIONAL CON- 
TROL: (a) SCHEMATIC DIAGRAM, AND (b) WAVE- 
FORM OF VOLTAGE AT ERMINAL 13 
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FIGURE 16. EFFECT OF VARIATIONS IN TIME CONSTANT ELE- 
MENTS ON PERIOD 


As in the case of the hysteresis circuitry described earlier, 
some special applications may require more sophisticated 
systems to achieve either very precise regions of control or 
very long periods. 


Zero-voltage switching control can be extended to applications 
in which it is desirable to have constant control of the 
temperature and a minimization of system hysteresis. A closed 
loop top burner control in which the temperature of the cooking 
utensil is sensed and maintained at a particular value is a good 
example of such an application; the circuit for this control is 
shown in Figure 17. In this circuit, a unijunction oscillator is 
outboarded from the basic control by means of the internal 
power supply of the zero-voltage switch. The output of this 
ramp generator is applied to terminal 9 of the zero-voltage 
switch and establishes a varied reference to the differential 
amplifier. Therefore, gate pulses are applied to the triac 
whenever the voltage at terminal 13 is greater than the voltage 
at terminal 9. A varying duty cycle is established in which the 
load is predominantly on with a cold sensor and predominantly 
off with a hot sensor. For precise temperature regulation, the 
time base of the ramp should be shorter than the thermal time 
constant of the system but longer than the period of the 60Hz 
line. Figure 18, which contains various waveforms for the 
system of Figure 17, indicates that a typical variance of +0.5°C 
might be expected at the sensor contact to the utensil. 
Overshoot of the set temperature is minimized with approach, 
and scorching of any type is minimized. 


TO 
HEATER 
ELEMENT 


FIGURE 17. SCHEMATIC DIAGRAM OF PROPORTIONAL ZERO- 
VOLTAGE SWITCHING CONTROL 
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FIGURE 18. WAVEFORMS FOR THE CIRCUIT OF FIGURE 17. 
Effect of Thyristor Load Characteristics 


The zero-voltage switch is designed primarily to gate a thy- 


ristor that switches a resistive load. Because the output. 


pulse supplied by the switch is of short duration, the latching 
current of the triac becomes a significant factor in determin- 


ing whether other types of loads can be switched. (The. 


latching current value determines whether the triac will 


remain in conduction after the gate pulse is removed.) Provi- 


sions are included in the zero-voltage switch to 


accommodate inductive loads and low power loads. For 


example, for loads that are less than approximately 4A,n. Or 
that are slightly inductive, it is possible to retard the output 
pulse with respect to the zero-voltage crossing by insertion 
of the capacitor Cy from terminal 5 to terminal 7. The inser- 
tion of capacitor Cy permits switching of triac loads that have 
a slight inductive component and that are greater than 
approximately 200W (for operation from an AC line voltage 
of 120V,,,,). However, for loads less than 200W (for exam- 
ple, 70W), it is recommended that the user employ the 
T2300B* sensitive gate triac with the zero-voltage switch 
because of the low latching current requirement of this triac. 


* Formerly RCA 40526 


For loads that have a low power factor, such as a solenoid 
valve, the user may operate the zero-voltage switch in the 
DC mode. In this mode, terminal 12 is connected to terminal 
7, and the zero crossing detector is inhibited. Whether a 
“high” or “low” voltage is produced at terminal 4 is then 


dependent only upon the state of the differential comparator | 


within the integrated circuit zero-voltage switch, and not 
upon the zero crossing of the incoming line voltage. Of 
course, in this mode of operation, the zero-voltage switch no 
longer operates as a zero-voltage switch. However, for may 
applications that involve the switching of low current induc- 
tive loads, the amount of RFI generated can frequently be 
tolerated. 


For switching of high current inductive loads, which must be 
turned on at zero line current, the triggering technique 
employed in the dual output over-under temperature control- 
ler and the transient free switch controller described 
subsequently in this Note is recommended. 


Switching of Inductive Loads 


For proper driving of a thyristor in full cycle operation, gate 
drive must be applied soon after the voltage across the 


device reverses. When resistive loads are used, this reversal 


occurs as the line voltage reverses. With loads of other 
power factors, however, it occurs as the current through the 
load becomes zero and reverses. 


There are several methods for switching an inductive load at 
the proper time. If the power factor of the load is high (i.e., if 
the load is only slightly inductive), the pulse may be delayed 
by addition of a suitable capacitor between terminals 5 and 
7, as described previously. For highly inductive loads, how- 
ever, this method is not suitable, and different techniques 
must be used. 


If gate current is continuous, the triac automatically commu- 
tates because drive is always present when the voltage 
reverses. This mode is established by connection of termi- 
nals 7 and. 12. The zero crossing detector is then disabled so 
that current is supplied to the triac gate whenever called for 
by the sensing amplifier. Although the RFI! eliminating func- 
tion of the zero-voltage switch is inhibited when the zero 
crossing detector is disabled, there is no problem if the load 
is highly inductive because the current in the load cannot 
change abruptly. 


Circuits that use a sensitive gate triac to shift the firing point 
of the power triac by approximately 90 degrees have been 
designed. If the primary load is inductive, this phase shift 
corresponds to firing at zero current in the load. However, 
changes in the power factor of the load or tolerances of com- 
ponents will cause errors in this firing time. 


The circuit shown in Figure 19 uses a CA3086 integrated 
circuit transistor array to detect the absence of load current 
by sensing the voltage across the triac. The internal zero 
crossing detector is disabled by connection of terminal 12 to 
terminal 7, and control of the output is made through the 
external inhibit input, terminal 1. The circuit permits an 
output only when the voltage at point A exceeds two Veg 
drops, or 1.3V. When A is positive, transistors Q3 and Q, 
conduct and reduce the voltage at terminal 1 below the 
inhibit state. When A is negative, transistors Q; and Qo 
conduct. When the voltage at point A is less than +1.3V, 
neither of the transistor pairs conducts; terminal 1 is then 


_ pulled positive by the current in resistor Ra, and the output is 


inhibited. 


The circuit shown in Figure 19 forms a pulse of gate current 
and can supply high peak drive to power triacs with low aver- 
age current drain on the internal supply. The gate pulse will 
always last just long enough to latch the thyristor so that 
there is no problem with delaying the pulse to an optimum 
time. As in other circuits of this type, RFI results if the load is 
not suitable inductive because the zero crossing detector is 
disabled and initial turn on occurs at random. 


The gate pulse forms because the voltage at point A when 
the thyristor is on is less than 1.3V; therefore, the output of 
the zero-voltage switch is inhibited, as described above. 
The resistor divider R, and Rp should be selected to assure 
this condition. When the triac is on, the voltage at point A is 
approximately one third of the instantaneous on state 
voltage (V7) of the thyristor. For most Harris thyristors, Vy 
(max) is less than 2V, and the divider shown is a 
conservative one. When the load current passes through 
zero, the triac commutates and turns off. Because the circuit 
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is still being driven by the line voltage, the current in the load 
attempts to reverse, and voltage increases rapidly across 
the “turned-off’ triac. When this voltage exceeds 4V, one 
portion of the CA3086 conducts and removes the inhibit 
signal to permit application of gate drive. Turning the triac 
on causes the voltage across it to drop and thus ends the 
gate pulse. If the latching current has not been attained, 
another gate pulse forms, but no discontinuity in the load 
Current occurs. 


INDUCTIVE 
LOAD 


120Vac 
50-60Hz 


BWAUBABWABALT 


CA3086 


(3) 2)0D 4) @) ©) @ 


FIGURE 19. USE OF THE CA3058 OR CA3059 TOGETHER WITH 
3086 FOR SWITCHING INDUCTIVE LOADS 


Provision of Negative Gate Current 


Triacs trigger with optimum sensitivity when the polarity of 
the gate voltage and the voltage at the main terminal 2 are 
similar (I+ and Il- modes). Sensitivity is degraded when the 
polarities are opposite (I- and IIl+ modes). Although Harris 
triacs are designed and specified to have the same 
sensitivity in both I- and IlIl+ modes, some other types have 
very poor sensitivity in the Ill+ condition. Because the 
zero-voltage switch supplies positive gate pulses, it may 
not directly drive some high current triacs of these other 
types. 


The circuit shown in Figure 20(a) uses the negative going 
voltage at terminal 3 of the zero-voltage switch to supply a 
negative gate pulse through a capacitor. The curve in Figure 
20(b) shows the approximate peak gate current as a function 
of gate voltage Vg. Pulse width is approximately 80us. 


PEAK GATE CURRENT (mA) 


GATE VOLTAGE (Vg) (V) 
(b) 


FIGURE 20. USE OF THE CA3058 OR CA3059 TO PROVIDE 
NEGATIVE GATE PULSES: (a) SCHEMATIC DIA- 
GRAM; (b) PEAK GATE CURRENT (FAT TERMI 
NAL 3) AS A FUNCTION OF GATE VOLTAGE 


Operation with Low Impedance Sensors 


Although the zero-voltage switch can operate satisfactorily with 
a wide range of sensors, sensitivity is reduced when sensors 
with impedances greater than 20,000Q are used. Typical sensi- 
tivity is one percent for a 5000Q sensor and increases to three 
percent for a 0.1MQ sensor. 


Low impedance sensors present a different problem. The sensor 
bridge is connected across the intemal power supply and causes 
a current drain. A 5000Q sensor with its associated 5000Q series 
resistor draws less than 1mA. On the other hand, a 300Q sensor 
draws a current of 8 to 10mA from the power supply. 


Figure 21 shows the 600Q load line of a 300Q sensor on a 
redrawn power supply regulation curve for the zero-voltage 
switch. When a 10,000Q series resistor is used, the voltage 
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across the circuit is less than 3V and both sensitivity and output 


current are significantly reduced. When a 50002 series resistor 


is used, the supply voltage is nearly 5V, and operation is 
approximately normal. For more consistent operation, however, 
a 40002 series resistor is recommended. 

10 


TA 
ay 
NZ 
TN 
Yi |X | 


SUPPLY VOLTAGE (V) 


FIGURE 21. POWER SUPPLY REGULATION OF THE CA3058 
OR CA3059 WITH A 3002 SENSOR (6002 LOAD) 
FOR TWO VALUES OF SERIES RESISTOR. 


LOAD CURRENT (mA) 


Although positive temperature coefficient (PTC) sensors rated at 
5kQ are available, the existing sensors in ovens are usually of a 
much lower value. The circuit shown in Figure 22 is offered to 
accommodate these inexpensive metal wound sensors. A sche- 
matic diagram of the CA3080 integrated circuit operation 
transconductance amplifier used in Figure 22, is shown in Figure 
23. With an amplifier bias current, lagc, Of 100uA, a forward 
transconductance of 2mQ is achieved in this configuration. The 
CA3080 switches when the voltage at terminal 2 exceeds the 
voltage at terminal 3. This action allows the sink current, Ig, to 
flow from terminal 13 of the zero-voltage switch (the input imped- 
ance to terminal 13 of the zero-voltage switch is approximately 
50kQ); gate pulses are no longer applied to the triac because Q) 
of the zero-voltage switch is on. Hence, if the PTC sensor is cold, 
i.e., in the low resistance state, the load is energized. When the 
temperature of the PTC sensor increases to the desired temper- 
ature, the sensor enters the high resistance state, the voltage on 
terminal 2 becomes greater than that on terminal 3, and the triac 
switches the load off. | 


FIGURE 22. SCHEMATIC DIAGRAM OF CIRCUIT FOR USE 
WITH LOW RESISTANCE SENSOR. 


INVERTING 
INPUT 


NON- 
INVERTING @) 
INPUT 


AMPLIFIER @) 
BIAS INPUT 


FIGURE 23. SCHEMATIC DIAGRAM OF THE CA3080 


Further cycling depends on the voltage across the sensor. 
Hence, very low values of sensor and potentiometer resis- 
tance can be used in conjunction with the zero-voltage 
switch power supply without causing adverse loading effects 
and impairing system performance. 


Interfacing Techniques 


Figure 24 shows a system diagram that illustrates the role of 
the zero-voltage switch and thyristor as an interface between 
the logic circuitry and the load. There are several basic inter- 
facing techniques. Figure 25(a) shows the direct input tech- 
nique. When the logic output transistor is switched from the 
on state (saturated) to the off state, the load-will be turned on 
at the next zero-voltage crossing by means of the interfacing 
zero-voltage switch and the triac. When the logic output tran- 
sistor is switched back to the on state, zero crossing pulses 
from the zero-voltage switch to the triac gate will immediately 
cease. Therefore, the load will be turned off when the triac 
commutates off as the sine wave load current goes through 
zero. In this manner, both the turn-on and turn-off conditions 
for the load are controlled. 


COMPUTER OR 
LOGIC OUTPUT 


INTERFACE MECHANISMS 


o(uyo 


MOTORS 


-—f-- 


SOLENOIDS 
299)? 


TRIAC 


ZERO 
(3) VOLTAGE SWITCH 
INTERFACING IC 
HEATERS 


wl, 


sc 
a —> 
LAMPS 
SOLID STATE 
POWER THYRISTORS SENSORS 
> Lo 
— PHOTOCELLS 
—— p> | 
PTC/NTC 
THERMISTORS 
—> — | 
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FIGURE 24. THE ZERO-VOLTAGE SWITCH AND THYRISTOR 
AS AN INTERFACE | 


When electrical isolation between the logic circuit and the load 
is necessary, the isolated-input technique shown in Figure 
25(b) is used. In the technique shown, optical coupling is used 
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to achieve the necessary isolation. The logic output transistor 
switches the light source portion of the isolator. The light sensor 
portion changes from a high impedance to a low impedance 
when the logic output transistor is switched from off to on. The 
light sensor is connected to the differential amplifier input of the 
zero-voltage switch, which senses the change of impedance at 
a threshold level and switches the load on as in Figure 25(a) 


= DIRECT INPUT 


+V 


mss weeeweea 


LIGHT SOURCE 
MODULE 


=" ISOLATED INPUT 
(b) 


FIGURE 25. BASIC INTERFACING TECHNIQUES: (a) DIRECT 
INPUT; (b) ISOLATED INPUT 


KNIGHT 
54E-1421 
(OR EQUIV) 


Sensor Isolation 


In many applications, electrical isolation of the sensor from 
the AC input line is desirable. Several isolation techniques 
are shown in Figures 26, 27, and 28. 


Transformer Isolation - In Figure 26, a pulse transformer is 
used to provide electrical isolation of the sensor from incom- 
ing AC power lines. The pulse transformer T, isolates the 
sensor from terminal No. 1 of the triac Y,, and transformer 
Ty isolates the CA3058 or CA3059 from the power lines. 
Capacitor C, shifts the phase of the output pulse at terminal 
No. 4 in order to retard the gate pulse delivered to triac Y, to 
compensate for the small phase shift introduced by trans- 
former T;. 


Many applications require line isolation but not zero-voltage 
switching. A line isolated temperature controller for use with 
inductive or resistive loads that does not include zero-volt- 
age switching is shown in Figure 27. 


In temperature monitoring or control applications the sensor 
may be a temperature dependent element such as a resis- 
tor, thermistor, or diode. The load may be a lamp, bell, horn, 
recorder or other appropriate device connected in a feed- 
back relationship to the sensor. 


For the purpose of the following explanation, assume that 
the sensor is a resistor having a negative temperature coeffi- 
cient and that the load is a heater thermally coupled to the 
sensor, the object being to maintain the thermal coupling 
medium at a desired reference temperature. Assume initially 
that the temperature at the coupling medium is low. 


The operating potentials applied to the bridge circuit produce 
a common mode potential, Voy, at the input terminals of the 
CA3094. Assuming the bridge to have been initially bal- 
anced (by adjustment of R,), the potential at point A will 


SPRAGUE 
11212 
(OR EQUIV.) 


DC RESISTANCE = 19 


FIGURE 26. ZERO-VOLTAGE SWITCH, ON/OFF CONTROLLER WITH AN ISOLATED SENSOR 
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increase when temperature is low since it was assumed that 
the sensor has a negative temperature coefficient. The 
potential at the noninverting terminal, being greater than that 
at the inverting terminal at the amplifier, causes the multivi- 
brator to oscillate at approximately 10kHz. The oscillations 
are transformer coupled through a current limiting resistor to 
the gate of the thyristor, and trigger it into conduction. 


When the thyristor conducts, the load receives AC input 
power, which tends to increase the temperature of the sen- 
sor. This temperature increase decreases the potential at 
point A to a value below that at point B and the multivibrator 
is disabled, which action, in turn, turns off the thyristor. The 
temperature is thus controlled in an of/off fashion. 


(7) 
Ry (e) 
she © 
A (3)—4 + 
mn: 


Capacitor C, is used to provide a low impedance path to 
ground for feedback induced signals at terminal No. 5 while 
blocking the direct current bias provided by resistor Ry. 
Resistor Ry provides current limiting. Resistor Rg limits the 
secondary current of the transformer to prevent excessive 
current flow to the control terminal of the CA3094. 


Photocoupler Isolation - In Figure 28, a photocoupler pro- 


vides electrical isolation of the sensor logic from the 


incoming AC power lines. When a logic “1” is applied at the 
input of the photocoupler, the triac controlling the load will be 
turned on whenever the line voltage passes through zero. 
When a logic ”0” is applied to the photocoupler, the triac will 
turn off and remain off until a logic “1” appears at the input of 
the photocoupler. | 


V+ 
(EXT) 
LOAD 3 
200K a ee 
ao See 
1 ' S6sk : INPUT 
' L 0.001 ; 
100 ; pF 


* R, Determines Drive To TRIAC 
** Snubber For Light Inductive Loads 


FIGURE 27. ALINE ISOLATED TEMPERATURE CONTROLLER FOR USE WITH INDUCTIVE OR RESISTIVE LOADS; THIS CONTROLLER 


DOES NOT INCLUDE ZERO-VOLTAGE SWITCHING. 
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FIGURE 28. ZERO-VOLTAGE SWITCH, ON/OFF CONTROLLER WITH PHOTOCOUPLER 
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Temperature Controllers 


Figure 29 shows a triac used in an of/off temperature controller 
configuration. The triac is tumed on at zero-voltage whenever 
the voltage Vs exceeds the reference voltage Vp. The transfer 
characteristic of this system, shown in Figure 30(a), indicates 
significant thermal overshoots and undershoots, a well known 
characteristic of such a system. The differential or hysteresis of 
this system, however, can be further increased, if desired, by 
the addition of positive feedback. 


FIGURE 29. CA3058 OR CA3059 ON/OFF TEMP. CONTROLLER 


For precise temperature control applications, the proportional 
control technique with synchronous switching is employed. The 
transfer curve for this type of controller is shown in Figure 30(b). 
In this case, the duty cycle of the power supplied to the load is 
varied with the demand for heat required and the thermal time 
constant (inertia) of the system. For example, when the temper- 
ature setting is increased in an of/off type of controller, full 
power (100 percent duty cycle) is supplied to the system This 
effect results in significant temperature excursions because 
there is no anticipatory circuit to reduce the power gradually 
before the actual set temperature is achieved. However, in a 
proportional control technique, less power is supplied to the 
load (reduced duty cycle) as the error signal is reduced (sensed 
temperature approaches the set temperature). 


TEMPERATURE 
SETTING 


TEMPERATURE 
SETTING 


S001 DIFFERENTIAL 
sis 42°C DIFFERENTIAL 
< +0.5°C 


TEMPERATURE 
TEMPERATURE 


(a) (b) 
FIGURE 30. TRANSFER CHARACTERISTICS OF (a) ON/OFF 
AND (b) PROPORTIONAL CONTROL SYSTEMS 


Before such a system is implemented, a time base is chosen 
so that the on time of the triac is varied within this time base. 


The ratio of the on-to-off time of the triac within this time 
interval depends on the thermal time constant of the system 
and the selected temperature setting. Figure 31 illustrates 
the principle of proportional control. For this operation, 
power is supplied to the load until the ramp voltage reaches 
a value greater than the DC control signal supplied to the 
opposite side of the differential amplifier. The triac then 
remains off for the remainder of the time base period. As a 
result, power is “proportioned” to the load in a direct relation 
to the heat demanded by the system. 


RAMP 
SIGNAL 


FIGURE 31. PRINCIPLES OF PROPORTIONAL CONTROL 


For this application, a simple ramp generator can be realized 
with a minimum number of active and passive components. 
A ramp having good linearity is not required for proportional 
operation because of the nonlinearity of the thermal system 
and the closed loop type of control. In the circuit shown in 
Figure 32, the ramp voltage is generated when the capacitor 
C, charges through resistors Ro and R,. The time base of 
the ramp is determined by resistors Ro and Rg, capacitor Co, 
and the breakover voltage of the D3202U* diac. 


TYPE 


1 MEG 
Ro TOPIN2 


CO) 
VCC +6V 
IN 


TO PIN 7 


UO 
COMMON 


COMMON 


"FORMERLY RCA 45412 


All Resistors 1/2 Watt 
Unless Otherwise Specified 


Pin Connections Refer To 
CA3058 OR CA3059 


FIGURE 32. RAMP GENERATOR 


When the voltage across C2 reaches approximately 32V, the diac 
switches and turns on the 2N697S transistor and 1N914 diod9:*:. 


“he 


The capacitor C, then dishcarges through the collector-to-emit:: 
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junction of the transistor. This discharge time is the retrace or fly- 
back time of the ramp. The circuit shown can generate ramp 
times ranging from 0.3 to 2.0 seconds through adjustment of Ro. 
For precise temperature regulation, the time base of the ramp 
should be shorter than the thermal time constant of the system, 
but long with respect to the period of the 60Hz line voltage. Fig- 
ure 33 shows a triac connected for the proportional mode. 


Figure 34(a) shows a dual output temperature controller that 
drives two triacs. When the voltage Vs developed across the 
temperature sensing network exceeds the reference voltage 
Vaz, motor No. 1 turns on. When the voltage across the net- 
work drops below the reference voltage Vas, motor No. 2 turns 
on. Because the motors are inductive, the currents I, lag the 


120VAC 
60Hz 


NTC 
SENSOR 


incoming line voltage. The motors, however, are switched by 
the triacs at zero current, as shown in Figure 34(b). 


The problem of driving inductive loads such as these motors by 
the narrow pulses generated by the zero-voltage switch is 
solved by use of the sensitive gate Harris 40526 triac. The high 
sensitivity of this device (mA maximum) and low latching cur- 
rent (approximately 9mMA) permit synchronous operation of the 
temperature controller circuit. In Figure 34(a), it is apparent 
that, though the gate pulse Vg of triac Y; has elapsed, triac Yo 
is switched on by the current through R, ;. The low latching cur- 
rent of the Harris 40526 triac results in dissipation of only 2W in 
Ry, aS opposed to 10 to 2OW when devices that have high 
latching currents are used. 


CA3058 


OR MT; 
. CA3059 


AC =f vee 


* Formerly RCA40526 


(a) 


InL2 = GATE (¥5) 


(b) 


FIGURE 34. DUAL OUTPUT, OVER-UNDER TEMPERATURE CONTROLLER (a) CIRCUIT, (b) VOLTAGE AND CURRENT WAVEFORMS 
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Electric Heat Application 


For electric heating applications, the 2N5444 40A triac and 
the zero-voltage switch constitute an optimum pair. Such a 
combination provides synchronous switching and effectively 
replaces the heavy-duty contactors which easily degrade as 
a result of pitting and wearout from the switching transients. 
The salient features of the 2N5444 40A triac are as follows: 


1. 300A single surge capability (for operation at 60HZz). 

2. Atypical gate sensitivity of 20m<A in the I(+) and IIl(+) modes. 
3. Low on state voltage of 1.5V maximum at 40A. 

4. Available Voroy equal to 600V. 


Figure 35 shows the circuit diagram of a synchronous 
switching heat staging controller that is used for electric 
heating systems. Loads as heavy as 5kW are switched 
sequentially at zero-voltage to eliminate RF! and prevent a 
dip in line voltage that would occur if the full 25kW were to be 
switched simultaneously. 


Transistor Q, and Q, are used as a constant current source 
to charge capacitor C in a linear manner. Transistor Q» acts 
as a buffer stage. When the thermostat is closed, a ramp 


120VAC 
60Hz 


THERMOSTAT OR 
MANUAL SWITCH 


All Resistors 1/2W, Unless Otherwise Specified. 


Transistors Q,, Q, and Q, are Part of CA3096E 
Integrated Circuit N-P-N/P-N-P Transistor Array. 
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[ i ee 
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voltage is provided at output Eo. At approximately 3 second 
intervals, each 5kW heating element is switched onto the 
power system by its respective triac. When there is no fur- 
ther demand for heat, the thermostat opens, and capacitor C 
discharges through R1 and R2 to cause each triac to turn off 
in the reverse heating sequence. It should be noted that 
some half cycling occurs before the heating element is 
switched fully on. This condition can be attributed to the 
inherent dissymmetry of the triac and is further aggravated 
by the slow rising ramp voltage applied to one of the inputs. 
The timing diagram in Figure 36 shows the turn-on and turn- 
off sequence of the heating system being controlled. 


Seemingly, the basic method shown in Figure 35 could be 
modified to provide proportional control in which the number 
of heating elements switched into the system, under any 
given thermal load, would be a function of the BTU’s 
required by the system or the temperature differential 
between an indoor and outdoor sensor within the total sys- 
tem environment. That is, the closing of the thermostat 
would not switch in all the heating elements within a short 
time interval, which inevitable results in undesired tempera- 
ture excursions, but would switch in only the number of 
heating elements required to satisfy the actual heat load. 


FIGURE 35. SYNCHRONOUS SWITCHING HEAT STAGING CONTROLLER USING A SERIES OF ZERO-VOLTAGE SWITCHES 
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FIGURE 36. RAMP VOLTAGE WAVEFORM FOR THE HEAT 
STAGING CONTROLLER 


Oven/Broiler Control 


Zero-voltage switching is demonstrated in the oven control 
circuit shown in Figure 37. In this circuit, a sensor element is 
included in the oven to provide a closed loop system for 
accurate control of the oven temperature. 


As shown in Figure 37, the temperature of the oven can be 
adjusted by means of potentiometer R,, which acts, together 
with the sensor, as a voltage divider at terminal 13. The volt- 
age at terminal 13 is compared to the fixed bias at terminal 9 
which is set by internal resistors Ry and Rs. When the oven 
is cold and the resistance of the sensor is high, transistors 
Q, and Q, are off, a pulse of gate current is applied to the 
triac, and heat is applied to the oven. Conversely, as the 
desired temperature is reached, the bias at terminal 13 turns 
the triac off. The closed loop feature then cycles the oven 
element on and of maintain the desired temperature to 
approximately +2°U uf the set value. Also, as has been 
noted, external resistors between terminals 13 and 8, and 7 
and 8, can be used to vary this temperature and provide hys- 
teresis. In Figure 11, a circuit that provides approximately 10 
percent hysteresis is demonstrated. 


In addition to allowing the selection of a hysteresis value, the 
flexibility of the control circuit permits incorporation of other 
features. A PTC sensor is readily used by interchanging ter- 
minals 9 and 13 of the circuit shown in Figure 37 and 
substituting the PTC for the NTC sensor. In both cases, the 
sensor element is directly returned to the system ground or 
common, as is often desired. Terminal 9 can be connected 
by external resistors to provide for a variety of biasing, e.g., 
to match a lower resistance sensor for which the switching 
point voltage has been reduced to maintain the same sensor 
current. 


To accommodate the self-cleaning feature, external switch- 
ing, which enables both broiler and oven units to be 
paralleled, can easily be incorporated in the design. Of 
course, the potentiometer must be capable of a setting such 
that the sensor, which must be characterized for the high, 
self-clean temperature, can monitor and establish control of 
the high temperature, self-clean mode. The ease with which 
this self-clean mode can be added makes the overall solid 
state systems cost competitive with electromechanical sys- 
tems of comparable capability. In addition, the system 


incorporates solid-state reliability while being neater, more 
easily calibrated, and containing less costly system wiring. 


FIGURE 37. SCHEMATIC DIAGRAM OF BASIC OVEN CONTROL 
integral Cycle Temperature Controller (No half cycling) 


If a temperature controller which is completely devoid of half 
cycling and hysteresis is required, then the circuit shown in 
Figure 38 may be used. This type of circuit is essential for 
applications in which half cycling and the resultant DC com- 
ponent could cause overheating of a power transformer on 
the utility lines. 


In the integral cycle controller, when the temperature being 
controlled is low, the resistance of the thermistor is high, and 
an output signal at terminal 4 of zero volts is obtained. The 
SCR (Y;,), therefore, is turned off. The triac (Y5) is then trig- 
gered directly from the line on positive cycles of the AC 
voltage. When Y~ is triggered and supplies power to the load 
R,, Capacitor C is charged to the peak of the input voltage. 
When the AC line swings negative, capacitor C discharges 
through the triac gate to trigger the triac on the negative half 
cycle. The diode-resistor-capacitor “slaving network” triggers 
the triac on negative half cycle to provide only integral cycles 
of AC power to the load. 


When the temperature being controlled reaches the desired 
value, as determined by the thermistor, then a positive volt- 
age level appears at terminal 4 of the zero-voltage switch. 
The SCR then starts to conduct at the beginning of the posi- 
tive input cycle to shunt the trigger current away from the 
gate of the triac. The triac is then turned off. The cycle 
repeats when the SCR is again turned OFF by the zero-volt- 
age switch. 


The circuit shown in Figure 39 is similar to the configuration 
in Figure 38 except that the protection circuit incorporated in 
the zero-voltage switch can be used. In this new circuit, the 
NTC sensor is connected between terminals 7 and 13, and 
transistor Qo inverts the signal output at terminal 4 to nullify 
the phase reversal introduced by the SCR (Y,). The intemal 
power supply of the zero-voltage switch supplies bias current 
to transistor Qo. 
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Of course, the circuit shown in Figure 39 can readily be con- voltage to terminal 9 (with terminals 10 and 11 open), as 
verted to a true proportional integral cycle temperature previously discussed in this Note. 
controller simply by connection of a positive going ramp 
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“ For proportional operation open terminals 10, 11 and 13, and connect positive ramp voltage to terminal 13. 
“* Selected for Ig7 = 6MA maximum, formerly RCA 40655. 
*** Formerly RCA 44003. 


FIGURE 38. INTEGRAL CYCLE TEMPERATURE CONTROLLER IN WHICH HALF CYCLING EFFECT IS ELIMINATED 
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“For proportional operation open terminals 9, 10 and 11, and connect positive ramp voltage to terminal 9. 
** Selected for lg; = 6MA maximum, formerly RCA 40655. 
*** Formerly RCA 44003. 


FIGURE 39. CA3058 OR CA3059 INTEGRAL CYCLE TEMPERATURE CONTROLLER THAT FEATURES A PROTECTION CIRCUIT 
AND NO HALF CYCLING EFFECT 
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Thermocouple Temperature Control 


Figure 40 shows the CA3080A operating as a preamplifier 
for the zero-voltage switch to form a zero-voltage switching 
circuit for use with thermocouple sensors. 


All Resistors 1/2W, 
= Unless Otherwise Specified 


FIGURE 40. THERMOCOUPLE TEMPERATURE CONTROL 
WITH ZERO-VOLTAGE SWITCHING 


Thermocouple Temperature Control with Zero-Voltage 
Load Switching 


Figure 41 shows the circuit diagram of a thermocouple tem- 
perature control system using zero-voltage load switching. It 
should be noted that one terminal of the thermocouple is 
connect to one leg of the supply line. Consequently, the ther- 
mocouple can be “ground referenced”, provided the 
appropriate leg of the AC line is maintained at ground. The 
comparator, A, (a CA3010), is powered from a 6.4V source 
of potential provided by the zero-voltage switch (ZVS) circuit 
(a CA3079). The ZVS, in turn, is powered off-line through a 
series dropping resistor Rg. Terminal 4 of the ZVS provides 
trigger pulses to the gate of the load switching triac in 
response to an appropriate control signal at terminal 9. 


+6.4V 


THERMO- 
COUPLE 


Hysteresis = R3/R4 x 6.4V = 1K/5.1M x 6.4V = 1.25mV 


FIGURE 41. THERMOCOUPLE TEMPERATURE CONTROL 
WITH ZERO-VOLTAGE SWITCHING 


The CA3130 is an ideal choice for the type of comparator cir- 
cuit shown in Figure 41 because it can “compare” low 
voltages (Such as those generated by a thermocouple) in the 
proximity of the negative supply rail. Adjustment of potenti- 


ometer R, drives the voltage divider network Rg, Rg so that 
reference voltages over the range of 0 to 20mV can be 
applied to noninverting terminal 3 of the comparator. When- 
ever the voltage developed by the thermocouple at terminal 
2 is more positive than the reference voltage applied at ter- 
minal 3, the comparator output is toggled so as to sink 
current from terminal 9 of the ZVS; gate pulses are then no 
longer applied to the triac. As shown in Figure 41, the circuit 
is provided with a control point “hysteresis” of 1.25mvV. 


Nulling of the comparator is performed by means of the fol- 
lowing procedure: Set R, at the low end of its range and 
short the thermocouple output signal appropriately. If the 
triac is in the conductive mode under these conditions, 
adjust nulling potentiometer Rs to the point at which triac 
conduction is interrupted. On the other hand, if the triac is in 
the nonconductive mode under the conditions above, adjust 
Rs to the point at which triac conduction commences. The 
thermocouple output signal should then be unshorted, and 
R, can be set to the voltage threshold desired for control cir- 
cuit operation. 


Machine Control and Automation 


The earlier section on interfacing techniques indicated sev- 
eral techniques of controlling AC loads through a logic 
system. Many types of automatic equipment are not complex 
enough or large enough to justify the cost of a flexible logic 
system. A special circuit, designed only to meet the control 
requirements of a particular machine, may prove more eco- 
nomical. For example, consider the simple machine shown 


in Figure 42; for each revolution of the motor, the belt is 


advanced a prescribed distance, and the strip is then 
punched. The machine also has variable speed capability. 


MOTION 


SKS 
ONE REVOLUTION OF 


MOTOR ADVANCES 
_ BELT ONE INDEX 
DISTANCE 


FIGURE 42. STEP-AND-PUNCH MACHINE 


The typical electromechanical control circuit for such a 
machine might consist of a mechanical cambank driven by a 
separate variable speed motor, a time delay relay, and a few 
logic and power relays. Assuming use of industrial grade 
controls, the control system could get quite costly and large. 
Of greater importance is the necessity to eliminate transients 
generated each time a relay or switch energizes and deener- 
gizes the solenoid and motor. Figure 43 shows such 
transients, which might not affect the operation of this 
machine, but could affect the more sensitive solid-state 
equipment operating in the area. 
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RANDOM 
TURN-ON 


CONTACT 
BOUNCE 


TURN-OFF OF ARC 
FIGURE 43. TRANSIENTS GENERATED BY RELAY CONTACT 


BOUNCE AND NONZERO TURN OFF OF INDUC- 
TIVE LOAD. 


A more desirable system would use triacs and zero-voltage 
switching to incorporate the following advantages: 


1. Increased reliability and long life inherent in solid-state de- 
vices as opposed to moving parts and contacts associated 
with relays. 


2. Minimized generation of EMI/RFI using zero-voltage 
switching techniques in conjunction with thyristors. 


3. Elimination of high voltage transients generated by relay 
contact bounce and contacts breaking inductive loads, as 
shown in Figure 42. 


4. Compactness of the control system. 


The entire contro! system could be on one printed circuit 
board, and an overall cost advantage would be achieved. 
Figure 44 is a timing diagram for the proposed solid-state 
machine control, and Figure 45 is the corresponding control 
schematic. A variable speed machine repetition rate pulse is 
set up using either a unijunction oscillator or a transistor 
astable multivibrator in conjunction with a 10ms one shot 
multivibrator. The first zero voltage switch in Figure 45 is 
used to synchronize the entire system to zero-voltage cross- 
ing. Its output is inverted to simplify adaptation to the rest of 
the circuit. The center zero-voltage switch is used as an 
interface for the photocell, to control one revolution of the 
motor. The gate drive to the motor triac is continuous DC, 
starting at zero voltage crossing. The motor is initiated when 
both the machine rate pulse and the zero-voltage sync are at 
low voltage. The bottom zero-voltage switch acts as a time 
delay for pulsing the solenoid. The inhibit input, terminal 1, is 
used to assure that the solenoid will not be operated while 
the motor is running. The time delay can be adjusted by 
varying the reference level (50K potentiometer) at terminal 
13 relative to the capacitor charging to that level on terminal 
9. The capacitor is reset by the SCR during the motor opera- 
tion. The gate drive to the solenoid triac is direct current. 
Direct current is used to trigger both the motor and solenoid 
triacs because it is the most desirable means of switching a 
triac into an inductive load. The output of the zero-voltage 
switch will be continuous DC by connecting terminal 12 to 
common. The output under DC operation should be limited 
to 20mA. The motor triac is synchronized to zero crossing 
because it is a high current inductive load and there is a 
change of generating RFI. The solenoid is a very low current 


inductive load, so there would be little chance of generating 
RFI; therefore, the initial triac turn-on can be random which 
simplifies the circuitry. 


ZERO 
CROSSING 
PULSE 60Hz 


ONE 
REVOLUTION 
MOTOR 


SOLENOID 
OPERATION 


WLLLLLLLLL. 


FIGURE 44. TIMING DIAGRAM FOR SOLID-STATE MACHINE 
CONTROL 
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FIGURE 45. SCHEMATIC OF PROPOSED SOLID-STATE MA- 
CHINE CONTROL 


This example shows the versatility and advantages of the 
Harris zero-voltage switch used in conjunction with triacs as 
interfacing and control elements for machine control. 


400Hz Triac Applications 


The increased complexity of aircraft control systems, and the 
need for greater reliability than electromechanical switching 
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can offer, has led to the use of solid-state power switching in 
aircraft. Because 400Hz power is used almost universally in 
aircraft systems, Harris offers a complete line of triacs rated 
for 400Hz applications. Use of the Harris zero-voltage switch 
in conjunction with these 400Hz triacs results in a minimum 
of RFI, which is especially important in aircraft. 


Areas of application for 400Hz triacs in aircraft include: 


1. Heater controls for food warming ovens and windshield 
defrosters 


2. Lighting controls for instrument panels and cabin illumination 
3. Motor controls and solenoid controls 
4. Power supply switches 


Lamp dimming is a simple triac application that demonstrates 
an advantage of 400Hz power over 60Hz power. Figure 46 
shows the adjustment of lamp intensity by phase control of the 
60Hz line voltage. RFI is generated by the step functions of 
power each half cycle, requiring extensive filtering. Figure 47 
shows a means of controlling power to the lamp by the zero- 
voltage switching technique. Use of 400Hz power makes possi- 
ble the elimination of complete or half cycles within a period 
(typically 17.5ms) without noticeable flicker. Fourteen different 
levels of lamp intensity can be obtained in this manner. A line 
synced ramp is set up with the desired period and applied to 
terminal No. 9 of the differential amplifier within the zero-voltage 
switch, as shown in Figure 48. The other side of the differential 
amplifier (terminal No. 13) uses a variable reference level, set 
by the 50K potentiometer. A change of the potentiometer set- 
ting changes the lamp intensity. 


60Hz LINE 
VOLTAGE 


<— 16.67ms ———__>» 


FIGURE 46. WAVEFORMS FOR 60Hz PHASE CONTROLLED 


LAMP DIMMER 
400Hz LINE 
VOLTAGE ¢ 
LINE 7 
SYNCED = 
RAMP 
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REFERENCE 
LAMP } 
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FIGURE 47. WAVEFORMS FOR 400Hz ZERO-VOLTAGE 
SWITCHED LAMP DIMMER 


In 400Hz applications it may be necessary to widen and shift 
the zero-voltage switch output pulse (which is typically 12ms 
wide and centered on zero-voltage crossing), to assure that 


sufficient latching current is available. The 4K resistor (terminal 
No. 12 to common) and the 0.015uF capacitor (terminal No. 5 
to common) are used for this adjustment. 


FIGURE 48. CIRCUIT DIAGRAM FOR 400Hz ZERO-VOLTAGE 
SWITCHED LAMP DIMMER 


Solid-State Traffic Flasher 


Another application which illustrates the versatility of the zero- 
voltage switch, when used with Harris thyristors, involves 
switching traffic control lamps. In this type of application, it is 
essential that a triac withstand a current surge of the lamp load 
on a continuous basis. This surge results from the difference 
between the cold and hot resistance of the tungsten filament. If 
it is assumed that triac tum-on is at 90 degrees from the zero- 
voltage crossing, the first current surge peak is approximately 
ten times the peak steady state rms value. 


When the triac randomly switches the lamp, the rate of current 
rise di/dt is limited only by the source inductance. The triac di/dt 
rating may be exceeded in some power systems. In many 
cases, exceeding the rating results in excessive current con- 
centrations in a small area of the device which may produce a 
hot spot and lead to device failure. Critical applications of this 
nature require adequate drive to the triac gate for fast turn on. 
In this case, some inductance may be required in the load cir- 
Cuit to reduce the initial magnitude of the load current when the 
triac is passing through the active region. Another method may 
be used which involves the switching of the triac at zero line 
voltage. This method involves the supply of pulses to the triac 
gate only during the presence of zero voltage on the AC line. 


Figure 49 shows a circuit in which the lamp loads are switched 
at zero line voltage. This approach reduces the initial di/dt, 
decreases the required triac surge current ratings, increases 
the operating lamp life, and eliminates RFI problems. This cir- 
Cuit consists of two triacs, a flip-flop (FF-1), the zero-voltage 
switch, and a diac pulse generator. The flashing rate in this cir- 
cuit is controlled by potentiometer R, which provides between 
10 and 120 flashes per minute. The state of FF-1 determines 
the triggering of triacs Y, or Yo by the output pulses at terminal 
4 generated by the zero crossing circuit. Transistors Q, and Q, 
inhibit these pulses to the gates of the triacs until the triacs turn 
on by the logical “1” (Vec high) state of the flip-flop. 
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FIGURE 49. SYNCHRONOUS SWITCHING TRAFFIC FLASHER 


The arrangement describe can also be used for a synchro- 
nous, sequential traffic controller system by addition of one 
triac, one gating transistor, a “divide-by-three” logic circuit, 
and modification in the design of the diac pulse generator. 
Such a system can control the familiar red, amber, and 
green traffic signals that are found at many intersections. 


FIGURE 50. SYNCHRONOUS LIGHT FLASHER 


Synchronous Light Flasher 


Figure 50 shows a simplified version of the synchronous 
switching traffic light flasher shown in Figure 49. Flash rate is 
set by use of the curve shown in Figure 16. If a more precise 
flash rate is required, the ramp generator described 


previously may be used. In this circuit, ZVS, is the master 
control unit and ZVS, is slaved to the output of ZVS, through 
its inhibit terminal (terminal 1). When power is applied to 
lamp No. 1, the voltage of terminal 6 on ZVS, is high and 
ZVSp is inhibited by the current in Rx. When lamp No. 1 is 
off, ZVS» is not inhibited, and triac Yo can fire. The power 
supplies operate in parallel. The on/off sensing amplifier in 
ZVSo is not used. 


Transient Free Switch Controllers 


The zero-voltage switch can be used as a simple solid-state 
switching device that permits AC currents to be turned on or 
off with a minimum of electrical transients and circuit noise. 


The circuit shown in Figure 51 is connected so that, after the 
control terminal 14 is opened, the electronic logic waits until 
the power line voltage reaches a zero crossing before power 
is applied to the load Z,. Conversely, when the control termi- 
nals are shorted, the load current continues until it reaches a 
zero crossing. This circuit can switch a load at zero current 
whether it is resistive or inductive. 


The circuit shown in Figure 52 is connected to provide the 
opposite control logic to that of the circuit shown in Figure 
51. That is, when the switch is closed, power is supplied to 
the load, and when the switch is opened, power is removed 
from the load. 


In both configurations, the maximum rms load current that 
can be switched depends on the rating of triac Yo. If Yo is a 
2N5444 triac, an rms current of 40A can be switched. 
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120VAC 
60Hz 


“If Yo, For Example, is a 40A TRIAC, then R, must be Decreased to Supply Sufficient Iq7 for Yo 


FIGURE 51. ZERO-VOLTAGE SWITCH TRANSIENT FREE SWITCH CONTROLLER IN WHICH POWER IS SUPPLIED TO THE LOAD 
WHEN THE SWITCH IS OPEN 


INDUCTIVE 
LOAD Z, 


25VDC 


120VAC 


60Hz 
MT, 
Y2 
T2301B* 
100uF = 
15VDC T. MT 


CA3058 
OR 
CA3059 


* If Yo, For Example, is a 40A TRIAC, then R, mustbe Decreased to Supply Sufficient Ig7 for Y. 


FIGURE 52. ZERO-VOLTAGE SWITCH TRANSIENT FREE SWITCH CONTROLLER IN WHICH POWER IS APPLIED TO THE LOAD 
WHEN THE SWITCH IS CLOSED 
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Differential Comparator for Industrial Use 


Differential comparators have found widespread use as limit 
detectors which compare two analog input signals and 
provide a go/no-go, logic “one” or logic “zero” output, 
depending upon the relative magnitudes of these signals. 
Because the signals are often at very low voltage levels and 
very accurate discrimination is normally required between 
them, differential comparators in many cases employ 
differential amplifiers as a basic building block. However, in 
many industrial control applications, a high performance 
differential comparator is not required. That is, high 
resolution, fast switching speed, and similar features are not 
essential. The zero-voltage switch is ideally suited for use in 
such applications. Connection of terminal 12 to terminal 7 
inhibits the zero-voltage threshold detector of the zero- 
voltage switch, and the circuit becomes a differential 
comparator. 


Figure 53 shows the circuit arrangement for use of the zero- 
voltage switch as a_ differential comparator. In this 
application, no external DC supply is required, as is the case 
with most commercially available integrated circuit 
comparators; of course, the output current capability of the 
zero-voltage switch is reduced because the circuit is 
operating in the DC mode. The 1000Q resistor Re, 
connected between terminal 4 and the gate of the triac, 
limits the output current to approximately 3mA. 


120VAC 
60Hz 


ANY POWER 
FACTOR 2, 


CA3058 
OR 
CA3059 


NTC 
SENSOR 


* Formerly RCA40691 


FIGURE 53. DIFFERENTIAL COMPARATOR USING THE 
CA3058 OR CA3059 INTEGRATED CIRCUIT ZERO- 
VOLTAGE SWITCH 


When the zero-voltage switch is connected in the DC mode, 
the drive current for terminal 4 can be determined from a 
curve of the external load current as a function of DC voltage 
from terminals 2 and 7. Of course, if additional output current 
is required, an external DC supply may be connected 
between terminals 2 and 7, and resistor Ry (shown in Figure 
53) may be removed. 


The chart below compares some of the operating 
characteristics of the zero-voltage switch, when used as a 
comparator, with a typical high performance commercially 
available integrated circuit differential comparator. 


ZERO-VOLTAGE 
SWITCH 
(TYP. VALUE) 


TYP. INTEGRATED 
CIRCUIT 


PARAMETERS COMPARATOR (710) 


Output Drive *4.5V at s4mA 3.2V at <5.0mA 
Capability 


* Refer to Figure 20; Ry equals 5000Q 


Power One Shot Control 


Figure 54 shows a circuit which triggers a triac for one com- 
plete half cycle of either the positive or negative alternation 
of the AC line voltage. In this circuit, triggering is initiated by 
the push button PB-1, which produces triggering of the triac 
near zero voltage even though the button is randomly 
depressed during the AC cycle. The triac does not trigger 
again until the button is released and again depressed. This 
type of logic is required for the solenoid drive of electrically 
operated stapling guns, impulse hammers, and the like, 
where load current flow is required for only one complete 
half cycle. Such logic can also be adapted to keyboard con- 
soles in which contact bounce produces transmission of 
erroneous information. 


In the circuit of Figure 54, before the button is depressed, 
both flip-flop outputs are in the “zero” state. Transistor Qg is 
biased on by the output of flip-flop FF-1. The differential 
comparator which is part of the zero-voltage switch is initially 
biased to inhibit output pulses. When the push button is 
depressed, pulses are generated, but the state of Qg 
determines the requirement for their supply to the triac gate. 
The first pulse generated serves as a “framing pulse” and 
does not trigger the triac but toggles FF-1. Transistor Qg is 
then turned off. The second pulse triggers the triac and FF-1 
which, in turn, toggles the second flip-flop FF-2. The output 
of FF-2 turns on transistor Q7, as shown in Figure 55, which 
inhibits any further output pulses. When the push-button is 
released, the circuit resets itself until the process is repeated 
with the button. Figure 56 shows the timing diagram for the 
described operating sequence. 
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FIGURE 54. BLOCK DIAGRAM OF A POWER ONE SHOT CONTROL USING A ZERO-VOLTAGE SWITCH 


D2 
0.030yF 
D, 


Per 


FIGURE 55. CIRCUIT DIAGRAM FOR THE POWER ONE SHOT CONTROL 


10-38 


Application Note 6182 


oe W NS : 


VOLTAGE 


PIN ©) OF ZERO ~ Q 
FF-1 i I : wy, 
FF-1 me a : — : 


TRIAC : 
INHIBITED: 
FF-2 PIN 12 
0 
: 8.3ms 
V LOAD 
Ri NS 
TIME —> 


FIGURE 56. TIMING DIAGRAM FOR THE POWER ONE SHOT CONTROL 
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FIGURE 57. PHASE CONTROL CIRCUIT USING A CA3058 OR CA3059 AND TWO CA3086 INTEGRATED CIRCUITS 
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Phase Control Circuit 


Figure 57 shows a circuit using a CA3058 or CA3059 zero- 
voltage switch together with two CA3086 integrated circuit 
arrays to form a phase control circuit. This circuit is specifi- 
cally designed for speed control of AC induction motors, but 
may also be used as a light dimmer. The circuit, which can 
be operated from a line frequency of 50Hz to 400Hz, con- 
sists of a zero-voltage detector, a line synchronized ramp 
generator, a zero current detector, and a line derived control 
circuit (i.e., the zero-voltage switch). The zero-voltage detec- 
tor (part of CA3086 No. 1) and the ramp generator (CA3086 
No. 2) provide a line synchronized ramp voltage output to 
terminal 13 of the zero-voltage switch. The ramp voltage, 
which has a starting voltage of 1.8V, starts to rise after the 
line voltage passes the zero point. The ramp generator has 
an oscillation frequency of twice the incoming line frequency. 
The slope of the ramp voltage can be adjusted by variation 
of the resistance of the 1MQ ramp control potentiometer. 
The output phase can be controlled easily to provide 180° 
firing of the triac by programming the voltage at terminal 9 of 
the zero-voltage switch. The basic operation of the zero-volt- 
age switch driving a thyristor with an inductive load was 
explained previously in the discussion on switching of induc- 
tive loads. 


On/Off Touch Switch 


The on/off touch switch shown in Figure 58 uses the CA3240E 
to sense small currents flowing between two contact points on 
a touch plate consisting of a PC board metallization “grid”. 
When the on plate is touched, current flows between the two 
halves of the grid, causing a positive shift in the output voltage 
(terminal 7) of the CA3240E. These positive transitions are fed 
into the CA3059, which is used as a latching circuit and zero 
crossing triac driver. When a positive pulse occurs at terminal 
No. 7 of the CA3240E, the triac is turned on and held on by the 
CA3059 and associated positive feedback circuitry (51kQ resis- 


ON TOUCH 44M 


PLATE 


oe 


© (8) 
© 
(5) 
5.1 
| M 
1M 
OFF TOUCH a (3) 
PLATE = 
. 
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tor and 36kQ/42kQ voltage divider). When the pulse occurs at 
terminal No. 1, the triac is turned off and held off in a similar 
manner. Note that power for the CA3240E is derived from the 
CA3059 internal power supply. The advantage of using the 
CA3240E in this circuit is that it can sense the small currents 
associated with skin conduction while maintaining sufficiently 
high circuit impedance to protect against electrical shock. 


Triac Power Controls for Three 
Phase Systems 


This section describes recommended configurations for 
power control circuits intended for use with both inductive 
and resistive balanced three phase loads. The specific 
design requirements for each type of loading condition are 
discussed. 


In the power control circuits described, the integrated circuit 
zero-voltage switch is used as the trigger circuit for the 
power triacs. The following conditions are also imposed in 
the design of the triac control circuits: 


1. The load should be connected in a three wire configuration 
with the triacs placed external to the load; either delta or 
wye arrangements may be used. Four wire loads in wye 
configurations can be handled as three independent sin- 
gle phase systems. Delta configurations in which a triac is 
connected within each phase rather than in the incoming 
lines can also be handled as three independent single 
phase systems. 


2. Only one logic command signal is available for the control 
circuits. This signal must be electrically isolated from the 
three phase power system. 


3. Three separate triac gating signals are required. 


4. For operation with resistive loads, the zero-voltage switch- 
ing technique should be used to minimize any radio fre- 
quency interference (RFI) that may be generated. 
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FIGURE 58. ON/OFF TOUCH SWITCH 
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Isolation of DC Logic Circuitry 


As explained earlier under Special Application consider- 
ations, isolation of the DC logic circuitry* from the AC line, 
the triac, and the load circuit is often desirable even in many 
single phase power control applications. In control circuits for 
polyphase power systems, however, this type of isolation is 
essential, because the common point of the DC logic cir- 
cuitry cannot be referenced to a common line in all phases. 


* The DC logic circuitry provides the low level electrical signal that 
dictates the state of the load. For temperature controls, the DC log- 
ic circuitry includes a temperature sensor for feedback. The Harris 
integrated circuit zero-voltage switch, when operated in the DC 
mode with some additional circuitry, can replace the DC logic cir- 
cuitry for temperature controls. 


In the three phase circuits described in this section, photo optic 
techniques (i.e., photo coupled isolators) are used to provide 
the electrical isolation of the DC logic command signal from the 
AC circuits and the load. The photo coupled isolators consist of 
an infrared light emitting diode aimed at a silicon photo transis- 
tor, coupled in a common package. The light emitting diode is 
the input section, and the photo transistor is the output section. 
The two components provide a voltage isolation typically of 
1500V. Other isolation techniques, such as pulse transformers, 
magnetoresistors, or reed relays, can also be used with some 
circuit modifications. 


Resistive Loads 


Figure 59 illustrates the basic phase relationships of a bal- 
anced three phase resistive load, such as may be used in 
heater applications, in which the application of load power is 
controlled by zero-voltage switching. The following condi- 
tions are inherent in this type of application: 


1. The phases are 120 degrees apart; consequently, all three 
phases cannot be switched on simultaneously at zero voltage. 


GATE DRIVE 
REMOVED 


SINGLE PHASE 
TURN-OFF 


SINGLE PHASE START-UP 
(ZERO-VOLTAGE) 


(a) 


2. A single phase of a wye configuration type of three wire 
system cannot be turned on. 


3. Two phases must be turned on for initial starting of the 
system. These two phases form a single phase circuit 
which is out of phase with both of its component phases. 
The single phase circuit leads on phase by 30 degrees 
and lags the other phase by 30 degrees. 


These conditions indicate that in order to maintain a system 
in which no appreciable RFI is generated by the switching 
action from initial starting through the steady state operating 
condition, the system must first be turned on, by zero-volt- 
age switching, as a single phase circuit and then must revert 
to synchronous three phase operation. 


Figure 60 shows a simplified circuit configuration of a three 
phase heater control that employs zero-voltage synchronous 
switching in the steady state operating condition, with ran- 
dom starting. In this system, the logic command to turn on 
the system is given when heat is required, and the command 
to turn off the system is given when heat is not required. 
Time proportioning heat control is also possible through the 
use of logic commands. 


The three photo coupled inputs to the three zero-voltage 
switches change state simultaneously in response to a “logic 
command”. The zero-voltage switches then provide a 
positive pulse, approximately 100us in duration, only at a 
zero-voltage crossing relative to their particular phase. A 
balanced three phase sensing circuit is set up with the three 
zero-voltage switches each connected to a particular phase 
on their common side (terminal 7) and referenced at their 
high side (terminal 5), through the current limiting resistors 
Ry, Rs, and Re, to an established artificial neutral point. This 
artificial neutral point is electrically equivalent to the 
inaccessible neutral point of the wye type of three wire load 


PHASE 
ROTATION 


(b) 


APPLICATION 
NOTES 


NOTE: The dashed lines indicate the normal relationship of the phases under steady state conditions. The deviation at start up and turn off 
should be noted. 
FIGURE 59. VOLTAGE PHASE RELATIONSHIP FOR A THREE PHASE RESISTIVE LOAD WHEN THE APPLICATION OF LOAD POW- 


ER IS CONTROLLED BY ZERO-VOLTAGE SWITCHING: (a) VOLTAGE WAVEFORMS, (b) LOAD CIRCUIT ORIENTATION 
OF VOLTAGES. | 
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FIGURE 60. SIMPLIFIED DIAGRAM OF A THREE PHASE HEATER CONTROL THAT EMPLOYS ZERO-VOLTAGE SYNCHRONOUS 
SWITCHING IN THE STEADY STATE OPERATING CONDITIONS 


and, therefore, is used to establish the desired phase 
relationships. The same artificial neutral point is also used to 
establish the proper phase relationships for a delta type of 
three wire load. Because only one triac is pulsed on at a 
time, the diodes (D,, Do, and Dg) are necessary to trigger 
the opposite polarity triac, and, in this way, to assure initial 
latching on of the system. The three resistors (Rj, Ro, and 
R3) are used for current limiting of the gate drive when the 
opposite polarity triac is triggered on by the line voltage. 


In critical applications that require suppression of all 
generated RFI, the circuit shown in Figure 61 may be used. 
In addition to synchronous steady state operating conditions, 
this circuit also incorporates a zero-voltage starting circuit. 
The start up condition is zero-voltage synchronized to a 
single phase, 2 wire, line-to-line circuit, comprised of phases 
A and B. The logic command engages the single phase start 
up zero-voltage switch and three phase photo coupled 
isolators OC13, OC14, OC15 through the photo coupled 
isolators OC11 and OC12. The single phase zero-voltage 
switch, which is synchronized to phases A and B, starts the 
system at zero voltage. As soon as start up is accomplished, 
the three photo coupled isolators OC 13, OC14, and OC15 
take control, and three phase synchronization begins. When 
the “logic command” is turned off, all control is ended, and 
the triacs automatically turn off when the sine wave current 
decreases to zero. Once the first phase turns off, the other 
two will turn off simultaneously, 90° later, as a single phase 
line-to-line circuit, as is apparent from Figure 59. 


inductive Loads 


For inductive loads, zero-voltage turn on is not generally required 
because the inductive current cannot increase instantaneously; 
therefore, the amount of RFI generated is usually negligible. Also, 
because of the lagging nature of the inductive current, the triacs 
cannot be pulse fired at zero voltage. There are several ways in 
which the zero-voltage switch may be interfaced to a triac for 
inductive load applications. The most direct approach is to use the 
zero-voltage switch in the DC mode, i.e., to provide a continuous 
DC output instead of pulses at points of zero-voltage crossing. 
This mode of operation is accomplished by connection of terminal 
12 to terminal 7, as shown in Figure 62. The output of the zero- 
voltage switch should also be limited to approximately 5mA in the 
DC mode by the 750Q series resistor. Use of a triac such as the 
T2301D* is recommended for this application. Terminal 3 is con- 
nected to terminal 2 to limit the steady state power dissipation 
within the zero-voltage switch. For most three phase inductive 
load applications, the current handling capability of the 40692 triac 
(2.5A) is not sufficient. Therefore, the 40692 is used as a trigger 
triac to tum on any other currently available power triac that may 
be used. The trigger triac is used only to provide trigger pulses to 
the gate of the power triac (one pulse per half cycle); the power 
dissipation in this device, therefore, will be minimal. 


Simplified circuits using pulse transformers and reed relays 
will also work quite satisfactorily in this type of application. 
The RC networks across the three power triacs are used for 
suppression of the commutating dv/dt when the circuit oper- 
ates into inductive loads. 
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FIGURE 61. THREE PHASE POWER CONTROL THAT EMPLOYS ZERO-VOLTAGE SYNCHRONOUS SWITCHING BOTH FOR 
STEADY STATE OPERATION AND FOR STARTING 
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FIGURE 62. TRIAC THREE PHASE CONTROL CIRCUIT FOR AN INDUCTIVE LOAD, i.e., THREE PHASE MOTOR 
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APPLICATION OF THE CA1524 SERIES 
PULSE-WIDTH MODULATOR ICs 


Author: Carmine Salerno 


This application note reviews pulse-width modulated (PWM) 
circuits, and the CA1524 series of pulse-width modulator ICs 
particularly intended for this type of application. It also 
includes descriptions of basic switching-regulator circuits, 
the generic CA1524 Series IC, its use in a variable switched 
power supply application, together with a variety of its 
unique circuit applications. 


The CA1524, CA2524, and CA3524 Series, a family of 
integrated circuits containing a pulse-width modulator and 
related control circuits, are particularly applicable to switch- 
ing regulators, flyback converters, dc-to-de converters and 
the like. These ICs operate with a power supply in the 8V to 
40V range for use in both low and high power regulators. 
The CA1524 series ICs contain the following circuit 
functions: 5V temperature compensated zener reference, 
precision RC oscillator, transconductance error amplifier, 
Current-limiting amplifier, control comparator, shutdown 


REFERENCE 
REGULATOR 
5V 


+5V TO ALL 
INTERNAL CIRCUITS 


OSCILLATOR 
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SHUTDOWN 
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a) FUNCTIONAL BLOCK DIAGRAM 


circuit, and dual output transistor switches. These circuit 
functions make these devices attractive for a wide variety of 
other applications; e.g., low frequency pulse generators, 
automotive temperature voltage regulators, battery chargers, 
electronic bathroom scales, etc. 


The CA1524 family of ICs is supplied in 16 lead plastic and 
ceramic (frit) packages, and is also available in chip form. 


CA1524 Series IC Features 


The CA1524 PWM on-chip functions shown in the functional 
block diagram of Figure 1 include an error amplifier, a 
comparator, an oscillator, a flip-flop, and a voltage regulator. 
The error amplifier senses the difference between the actual 
and the desired regulator output and applies this signal to 
the comparator’s positive input. The output of this stage is in 
turn a function of the error signal and the oscillator’s ramp 
voltage. 
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b) TERMINAL CONNECTION DIAGRAM 


FIGURE 1. CA1524 SERIES ICs 
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The oscillator’s output pulses alternately trigger the flip-flop, 
whose output ultimately provides the circuits push-pull drive 
signal via the NOR-gates and the output transistors. The 
other NOR-gate inputs control the duration of the output 
pulses. Depending upon the oscillator’s output level (high or 
low) and the comparator’s high or low status, the “on” duty- 
cycle of the NOR gate can vary from 0 to 45 percent. It 
should be noted, that the NOR gates are on alternately. 
Thus, by connecting the output transistors in parallel, an 
effective on time of 0% to 90% and a wide voltage regulation 
range can be attained. 


Comparative Operating Efficiencies in Series-Pass and 
PWM Types of Voltage Regulators 


The series-pass circuit is a classical means of implementing 
the voltage regulator function; its simple and easy to design, 
but comparatively inefficient when required to operate over a 
range of supply voltages and output currents. The need to 
improve operational efficiency, in recent years, has been one 
of the major factors motivating engineers to use the PWM 
type of voltage regulator despite its greater circuit 
complexity. | | 


Figure 2 shows the high operating efficiency of the PWM 
type of voltage regulator design e.g., using CA1524 and 
compares it with that of a conventional linear series-pass 
circuit. In a series-pass type of regulated power supply, the 
pass transistor is biased in the linear region, to permit good 
line and load regulation and dynamic response, but at a 
sacrifice in efficiency. This loss in efficiency occurs as a 
result of the power dissipated in the pass transistor, i.e., the 
product of the voltage drop and the current flowing through 
it. In a series-pass regulator, the output current is about 
equal to the input current, therefore, the overall efficiency = 
the ratio Vo/Vix. 


It is, therefore, apparent that the input/output voltage 
differential must be kept at a minimum if high efficiency is to 
be achieved. Dissipation in the pass device is (Vin - Vpp) 
Ipass, (Vin - Vo) is typically 2V to 3V. There are additional 
small operating losses in the IC itself. By way of contrast, the 
pass transistor for a switching-regulator control circuit is 
driven between two states, “on” and “off’, and since the 
linear region is not used, loss is essentially limited to the 
product of the saturation voltage and the current flowing 
through the pass transistor during its on state. There is a 
small additional loss that occurs during the on/off transitions. 


Additional losses in the switching regulator include diode- 
voltage losses, inductor-transformer core losses, and copper 
losses. The overall efficiency is essentially independent of 
input voltage or input current. A worst case theoretical value 
of the AC switching and DC transistor losses approaches a 
value equal to Vo/(Vo + 2V) (assuming a diode Vpe and 
transistor Vog(s) of 1V each). Therefore, a minimum input 
voltage of Vo + 2V is needed to operate a switching 
regulator. . 


Circuit Description 


The CA1524, CA2524, and CA3524 monolithic integrated 
circuits are designed to provide all of the control circuitry 
necessary for a broad range of. switching regulator 


applications. On-chip functional blocks, shown in Figure 1, 
include a zener voltage reference, transconductance error 
amplifier, precision RC oscillator, pulse width modulator, 
pulse steering flip-flop, dual alternating output switches, and 
current limiting and shutdown circuitry. A complete 
schematic is shown in Figure 4 


100 
80 : t— SWITCHING 
= REGULATOR 
2 60 
(Ss) 
= SERIES-PASS 
So 40 REGULATOR 
fe 
ww 
20 
0 
OUTPUT VOLTAGE - Vo (V) 
Pulse Width Regulator Series-Pass 
Modulator (PWM) Linear Regulator 
Switching | 
Po Volo Vo Po 
Oe B  «ONelgalgh 6 Want Pin 
Po Volo Vo Volo Vo 
Nac= —— = —- = N= =. 
Pin Volo + lo2 Vo +2 Vintin Vin 


FIGURE 2. EFFICIENCY CURVES FOR LINEAR (SERIES-PASS) 
REGULATOR AND PULSE-WIDTH MODULATED 
SWITCHING REGULATOR (PWM) 


Voltage Reference Section 


The CA1524 Series devices contain an internal series 
voltage regulator employing a zener reference to provide a 
nominal 5 volts output, which is used to bias all internal 
timing and control circuitry. The output of this regulator is 
available at terminal 16 and is capable of supplying up to 
50mA output current. For higher currents, the circuit of 
Figure 3 may be used with an external p-n-p transistor and 
bias resistor. The internal regulator may be bypassed for 
operation from a fixed 5V supply by connecting both terminal 
15 and 16 to the input voltage, which must not exceed 6V. 
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FIGURE 4. SCHEMATIC DIAGRAM OF CA1524 SERIES IC 
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FIGURE 4. SCHEMATIC DIAGRAM OF CA1524 SERIES IC (Continued) 
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Figure 5 shows the temperature variation of the reference 
voltage with supply voltages of 8V to 40V and load currents 
up to 20mA. Load regulation and line regulation curves are 
shown in Figures 6 and 7, respectively. 


V+ = 40V, k =OmA 


+ —+ pee — V+ = 20V, = OMA 
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FIGURE 5. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF AMBIENT TEMPERATURE 
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FIGURE 6. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF REFERENCE OUTPUT CURRENT 


REFERENCE VOLTAGE (V) 


SUPPLY VOLTAGE, V+ (V) 


FIGURE 7. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF SUPPLY VOLTAGE 
Oscillator Section 
Transistors Q42, Q43 and Q44, in conjunction with an exter- 
nal resistor Ry, establishes a constant charging current into 
an external capacitor Cy to provide a linear ramp voltage at 


terminal 7. The ramp voltage has value that ranges from 0.6 
to 3.5 volts and is used as the reference for the comparator 
in the device. The charging current is equal to (5-2Vg_)/Ry or 
approximately 3.6/R; and should be kept within the range of 
30uA to 2mA by varying Ry. The discharge time of Cy 
determines the pulse width of the oscillator output pulse at 
terminal 3. This pulse has a practical range of 0.5us to 5ys 
for a capacitor range of 0.001 to 0.1pF. The pulse has two 
internal uses: as a dead-time control or blanking pulse to 
the output stages to assure that both outputs cannot be on 
simultaneously and as a trigger pulse to the internal flip-flop 
which alternately enables the output transistors. The output 
dead-time relationship is shown in Figure 8, a curve which is 
useful when a value of dead time for a particular switching 
transistor has to be established. A larger value of dead time 
will assure that both output transistors in push-pull, bridge, 
or forward converter configurations will not conduct 
simultaneously. 
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FIGURE 8. TYPICAL OUTPUT STAGE DEAD TIME ASA 
FUNCTION OF TIMING CAPACITOR VALUE 


If a small value of Cy; must be used, the pulse width can be 
further expanded by the addition of a shunt capacitor in the 
order of 100pF (but no greater then 1000pF), from terminal 3 
to ground. 


This shunt capacitor will expand the dead time from 0.5ys to 
5.0us when required. When the oscillator output pulse is 
used as a sync input to an oscilloscope, the cable and input 
Capacitances may increase the pulse width slightly. A 2kQ 
resistor at terminal 3 will usually provide sufficient 
decoupling of the cable. The upper limit of the pulse width is 
determined by the maximum duty cycle acceptable. To 
provide an expansion of the dead time without loading the 
oscillator, the circuit of Figure 9 may be used. 


© 
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FIGURE 9. CIRCUIT FOR EXPANSION OF DEAD TIME 


10-49 


APPLICATION 
NOTES 


Application Note 6915 


This diode clamp will limit the output voltage of the error 
amplifier; it also limits the error amplifiers source output 
current to about 200A. Curves for selecting the values of 
the oscillator resistor (Ry) and the oscillator capacitor (Cy), 
as a function of oscillator period (t), are shown in Figure 10. 


The oscillator period is determined by Ry and Cy, with an 
approximate value of t = R7Cy, where R_ is in ohms, Cr is in 
uF, and t is in us. Excess lead lengths, which product stray 
capacitances, should be avoided in connecting Ry and Cy to 
their respective terminals. 


Ta = +25°C 
V+ = 8V - 40V 


TIMING RESISTANCE, Ry (Q) 


1 10 102 10° 104 
OSCILLATOR PERIOD, t (1s) 


FIGURE 10. TYPICAL OSCILLATOR PERIOD AS A FUNCTION 
OF R; AND C; 


For example, to obtain an oscillator period (t), select 
C, =0.1pF and Ry; = 10kQ. Based on these values the 
output dead time is 0.7ps. For series regulator applica- 
tions, the two outputs can be connected in parallel to 
provide an effective 0% - 90% duty cycle with the 
output stage frequency being equal to that of the 
oscillator. Since. separate output terminals are 
provided, push-pull and flyback applications are 
possible. The flip-flop divides the frequency such that 
the duty cycle of each output is 0% - 45% and the 
overall frequency is half that of the oscillator. Curves of 
the output duty cycle as a function of the voltage at 
terminal 9 are shown in Figure 11. 
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FIGURE 11. TYPICAL DUTY CYCLE AS A FUNCTION OF 
COMPARATOR VOLTAGE (AT TERMINAL 9) 


Error Amplifier Section 


The error amplifier consists of a differential pair (Q56, Q57) 
with an active load (Q61 and Q62) forming a differential 
transconductance amplifier. Since Q61 is driven by a 
constant current source, Q62, the output impedance Roy, 
terminal 9, is very high (= 5MQ). The gain is: 
Av = gmR = 8 Ic R/2KT = 10%, 
RoutRi 
ut = RL 


where R = R, = 0°, Av = 104 


Since Rout is extremely high, the gain can be easily 
reduced from a nominal 10* (80dB) by the addition of an 
external shunt resistor from terminal 9 to ground as shown in 
Figure 12. The output amplifier terminal is also used to 
compensate the system for AC stability. The frequency 
response and phase shift curves are shown in Figure 12. 
The uncompensated amplifier has a single pole at approxi- 
mately 250Hz and a unity gain crossover at 3MHz. 


Since most output filter designs introduce one or more 
additional poles at a lower frequency, the best network to 
stabilize the system is a series RC combination at terminal 9 
to ground. This network should be designed to introduce a 
zero to cancel out one of the output filter poles. A good 
starting point to determine the external poles is a 1000pF 
capacitor and a variable series 50kQ potentiometer from 
terminal 9 to ground. The compensation point is also a 
convenient place to insert any programming signal to 
override the error amplifier. Internal shutdown and current 
limiting are also connected at terminal 9. Any external circuit 
that can sink 200A can pull this point to ground and shut off 
both output drivers. 


While feedback is normally applied around the entire 
regulator, the error amplifier can be used with conventional 
operational amplifier feedback and will be stable in either the 
inverting or non-inverting mode. Input common-mode limits 
must be observed; if not, output signal inversion may result. 
The internal 5V reference can be used for conventional 
regulator applications if divided as shown in Figure 13. If the 
error amplifier is connected as a unity gain amplifier, a fixed 
duty cycle application results. 
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FIGURE 13. ERROR AMPLIFIER BIASING CIRCUITS 
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Current Limiting Section 


The current limiting section consists of two transistors (Q64, 
Q66) connected to the error amplifier output terminal. By 
matching the base-to-emitter voltages of Q64 and Q66 and 
assuming negligible voltage drop across R51: 


VTHRESHOLD = Vpe(Q64) + 1(Q65)R53 - Vee(Q66) 
= 1(Q65)R53 = 200mV 


Although this circuit provides a small threshold with a 
negligible temperature coefficient, some limitations to its use 
must be considered. The circuit has a 11 volt common mode 
range which requires sensing in the ground line. The other 
factor to consider is that the frequency compensation 
provided by R51, C3 and Q64 produces a roll-off pole at 
approximately 300Hz. 


Due to the low gain of this circuit, there is a transition region 
as the current limit amplifier takes over pulse width control 
from the error amplifier. For testing purposes, the threshold 
is defined as the input voltage to the current limiting amplifier 
to get 25% duty cycle with the error amplifier signaling 
maximum duty cycle. 


In addition to constant current limiting, terminal 4 and 5 may 
also be used in transformer coupled circuits to sense 
primary current and shorten an output pulse, should trans- 
former saturation occur (See Figure 37). Another application 
is to ground terminal 5 and use terminal 4 as an additional 
shutdown terminal: i.e. the output will be off with terminal 4 
open and on when it is grounded. Finally, foldback current 
limiting can be provided with the network of Figure 14. This 
circuit can reduce the short circuit current (Isc) to approxi- 
mately 1/3 the maximum available output current (Imax). 


Output Section 


The CA1524 Series outputs are two identical n-p-n 
transistors with both collectors and emitters uncommitted. 
Each output transistor response for the wide range of 
oscillator frequencies. Current limiting of the output section 
is set at 100mA for each output and 100mA total if both 
outputs are paralleled. Having both emitters and collectors 
available provides the versatility to drive either n-p-n or p-n-p 
external transistors. Curves of the output saturation voltage 
as a function of temperature and output current are shown in 
Figures 15 and 16 respectively. 
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FIGURE 15. TYPICAL OUTPUT SATURATION VOLTAGE AS 
FUNCTION OF AMBIENT TEMPERATURE 
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There are a number of possible output configurations in the 
application of the CA1524 to voltage regulator circuits, they 
fall into three basic classifications: 


1. Capacitor diode coupled voltage multipliers 
2. Inductor capacitor single ended circuits 
3. Transformer coupled circuits 


Examples of these configurations are shown in Figures 17, 
18 and 19. In each case, the switches can be either the 
output transistors in the CA1524 or added external 
transistors, depending on the load current requirements. 


Capacitor diode coupled voltage multipliers are particularly 
useful in those low-power applications where inductive 
components are undesirable. Although the efficiencies of 
these voltage multipliers may not be as good as their 
inductive component counterparts, they are more efficient 
than the series-pass circuit. 
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FIGURE 17. CAPACITOR-DIODE COUPLED VOLTAGE 
MULTIPLIER OUTPUT STAGES 
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FIGURE 18. SINGLE-ENDED INDUCTOR CIRCUITS WHERE THE 
TWO OUTPUTS ARE CONNECTED IN PARALLEL 
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FIGURE 19. TRANSFORMER-COUPLED OUTPUTS 


General Applications Considerations 


The CA1524, in addition to having all the control circuits for 


switching regulator applications, employs two output NPN 
transistors. These transistors are internally current limited 


and can be used in a variety of switching regulator configura- 
tions. 


Three such modes are: 


1. Single-ended single stage configurations for forward and 
flyback converters. 


2. Single-ended parallel output stages for switching regula- 
tors 


3. Dual or individual stage configurations for push-pull, 1/2 
bridge circuits, etc. 


Single-Ended Applications 


The single-ended configuration provides for simple regulator 
designs in which an LC and diode filter network provide the 
DC output voltage. The PWM controlled duty cycle can vary 
from 0% to 45%. 


The duty cycle variation depends on the divided reference 
voltage applied to the error amplifier terminals. This voltage, 
in turn, adjusts the comparator’s trip level to control the ON 
time. Figure 11 shows the duty cycle variation vs. the error 
amplifier output voltage (pin 9) for the CA1524. 


lf the outputs are connected in parallel, the duty cycle can 
range from 0% to 90% a normal mode for switching regula- 
tors. For flyback operation, care must be taken to prevent the 
on time from exceeding 45% to allow for retrace in the 
flyback transformer. 


Dual-Ended Applications 


The dual-ended configuration can be used for the following 
applications: 


1. Push-Pull circuits 


2. Voltage Multipliers; (capacitor diode filters) 
3. Half or full bridge circuits 


The oscillator has a dead band feature to ensure against 
both output transistors conducting simultaneously. This dead 
band applies not only to the internal transistors, but for any 
additional drivers used for push-pull applications. 


When using push-pull and bridge circuits, the dead time 
becomes important. Since the frequency of the oscillator is 
1/R;Cy, a good method for establishing dead band time is to 
select f first, Cy second, and then Ry. The value of C, 
determines the dead time or discharging rate of C;. The 
curves in Figures 8 and 10 are used for this purpose. The 
oscillator provides a ramp at the Cy terminal with an 
equivalent dead time pulse at Pin 3 for slaving multiple 
units. This terminal can also be used as an oscilloscope 
sync. With an output resistance of 2KQ at Pin 3, capacitive 
loading of this terminal will be adequate for most 
applications, but for larger systems some type of external 
dead time adjustment must be employed. To provide an 
expansion of the dead time without loading the oscillator, 
the simple 5kQ potentiometer and diode arrangement 
shown in Figure 9 can be used. The output frequency of 
each individual output stage is approximately half that of the 
oscillator frequency. When the stages are connected in 
parallel, fosc = fout- 


10-52 


Application Note 6915 


The selection of components - capacitors, diodes, inductors, 
transformer cores, etc., depends primarily on the operating 
frequency of the switching regulator. It is important, 
therefore, that care be exercised in the selection of these 
components. Capacitors should have low equivalent series 
resistance (ESR) and low equivalent series inductance 
(ESL), because high ESR is the principal cause of capacitor 
ripple, and high ESL causes high frequency ringing in the 
MHz region. Most capacitor manufacturers rate capacitance 
at 120Hz, a frequency quite different from the 20kHz - 
100kHz operating frequency of PWM regulator circuits. 
Because the characteristics of capacitors may change with 
change in frequency, the careful selection of close tolerance 
capacitors will tend to offset any degradation in PWM 
regulator performance resulting from the difference in the 
frequency rating of capacitor vs. PWM regulator circuit 
operating frequency. 


Free-wheeling diode clamps must have fast turn on and low 
distributed capacitance. The DC resistance of inductors 
should be kept low to minimize the effects of added losses 
that may occur at high load currents. In addition, the 
selection of the size and type of transformer core will also 
depend on the input voltage range and on the output voltage 
and current requirements. 


Basic Switching Regulators 


Figure 20 shows the basic switching regulator, the Buck or 
Step-Down type. In this type of regulator Vo is always < Vix. 
The simplified waveforms for this regulator are shown in 
Figure 21. 
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FIGURE 20. BUCK (STEP-DOWN) REGULATOR 


The Buck Regulator shown in Figure 20 operates by 
chopping an unregulated DC voltage. The frequency of the 
circuit waveforms remains constant but the duty cycle is 
varied to effect regulation. The output LC filter, together with 
the free-wheeling diode Di, smooths the chopped 
waveform. With Vo set at some selected level by means of 
the reference voltage, the sample of the output voltage 
applied t the input of the CA1524 error amplifier adjusts the 
duty cycle in response to changes in load currents. When 
transistor Q1 is turned on diode D1 is nonconductive and 
current flows from Vi, through L1 to +Vo. When Q1 is off, the 
reserve energy in C1 provides the necessary current to the 
load. The overall output regulation depends primarily on the 
characteristics of the CA1524 and on the design of the out- 
put filter. 


Switching regulator circuits are categorized for single-ended 
and dual-ended (bridge) applications. The basic circuits 
shown in Figures 22 through 30 include an inductive 
element. In these circuits SA represents transistor A, SB 
transistor B, and SA/SB indicated that both transistors can 
be connected in parallel. A description of the single-ended 
and dual-ended bridge configuration is given in subsequent 
pages. 
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FIGURE 21. SIMPLIFIED WAVEFORM FOR BUCK (STEP- 
DOWN) REGULATOR 


Single-Ended Applications 


For low-power applications up to 100 watts. 
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FIGURE 22. BUCK OR STEP-DOWN REGULATOR 
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FIGURE 24. VARIATION OF THE BOOST OR STEP-UP REGULA- 
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The clamp winding returns excess stored energy to the line, 
thereby preventing avalanche in the switching transistor. 


For low-power applications from 50 to 100 watts. 


+ + 
e - 
| Vout 


VIN 


SallSp 


FLYBACK CONVERTER 


Vout 


FLYBACK CONVERTER WITH CLAMP WINDING 


FIGURE 25. FLYBACK CONVERTER (OPERATING MODEL FOR 
THIS CONVERTER IS THE BOOST REGULATOR) 


For low-to-medium-power applications from 100 to 200 
watts. 


FORWARD CONVERTER 


FORWARD CONVERTER WITH DIODE CLAMP 


FIGURE 26. FORWARD CONVERTER (OPERATING MODEL 
FOR THIS CONVERTER IS THE BUCK REGULA- 
TOR) 


Dual-Ended (Bridge) Applications 


For low-to-medium-power applications from 100 to 200 
watts. 


FIGURE 27. FLYBACK OR FORWARD CONVERTER WITH A 
CLAMP WINDING 


For Medium-power applications from 200 to 500 watts. 


_ FIGURE 28. PUSH-PULL OR DC-TO-DC CONVERTER 


Capacitor Co (1.0uF to 5.0uF range) minimizes transformer 
saturation problems. Diode clamps can be used across each 
transistor to reduce the effects of destructive switching 
transients. 


For medium-to-high power applications from 200 to 1000 
watts. 


Qi (CAN BE Sa) 
(Sq CAN DRIVE Q1) 


Q2 (CAN BE Sg) 
(Sg CAN DRIVE Q2) 


FIGURE 29. HALF-BRIDGE CIRCUIT 


Capacitor Cp and diode clamps have same function as in the 
half-bridge circuit. In the full-bridge circuit full line voltage 
can be applied to the primary winding to approximately 
double the power output of the half-bridge circuit. 


For high-power applications from 500 to 2000 watts. 


Q3 


Sa CAN DRIVE Q1 AND Q4 
Sa CAN DRIVE Q2 AND Q3 


FIGURE 30. FULL-BRIDGE CIRCUIT 


Regulator Applications 
The Variable Switcher 


The following review of some of the characteristics and 
unique design features of a variable switching pulse-width- 
modulated (PWM) circuit will provide the equipment 
designer with some of the basic principles of a PWM circuit 
and its associated circuitry, and a better understanding of 
the CA1524 Series ICs intended for this type of application. 


Although most switching regulator designs and applications 
imply a fixed output voltage, the CA1524 Series can be 
applied to a variable-output-voltage power supply. 
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This type of circuit provides many advantages: 
1. Excellent overall efficiency for the full output range; gen- 
erates less heat, thereby reducing cooling requirements. 
2. Input current level = maximum output current level. 


3. Limited dependence on Via (i.2¢., Vin 2 Vout Max. +2) at 
the power supply’s maximum output current level. 


4. Light weight due to small, light cores. 
5. Space saver. 
and some disadvantages: 


1. Low output voltage due to the limited lower end range of 
the error amplifier (i.e., Voyy min # 0, but = 7V in this 
particular application). 


2. Losses in efficiency when output current levels are within 
the range of the no load dissipation for the IC and pass 
transistor. 


3. Time lag in changing voltage levels at no load or light . 
loads. This time lag is due to two conditions: 


A. Ve cannot change instantaneously; and 


B. Cy remains charged since it is not performing its 
function of supply current to the output load when the 
free wheeling diode conducts. 


Basic Circuit Operation 


The circuit diagram of the CA1524, used as a variable output 
voltage power supply is shown in Figure 31. By connecting 
the two output transistors in parallel, the duty cycle is 
doubled i.e.; 0° to 90°. Transistor Q1, 8203B PNP Darlington 
Transistor, is used as the switching pass element. Its base is 


driven by the CA1524’s outputs. Variability is obtained by fist 
presetting the error amplifier inverting input (terminal 1) to 
3.4V by appropriate selection of values for resistor network 
Rs, R4 and Re, in accordance with the maximum output 
voltage desired, e.g.; this particular supply was adjusted so 
that Voyr (max.) = 30V. By varying the internal reference 
voltage at the comparator input (Pin 9) or 0.5V to 3.8V is 
achieved. This output voltage will cause the ON time of the 
output section to vary accordingly. As the reference voltage 
level is varied, the feedback voltage will track that level and 
cause the output voltage to change according to the change 
in reference voltage. The operating frequency of the regula- 
tor with Ry = 16KQ and Cy = 3300pF is 23KHz (T = 43.5ys). 
The output voltage is directly related to the duty cycle and 
can be determined by the following equation: 


ae Vin - Visatrn ton 
PA cage stant et 
T 
where ton is the “on” time in us, T is the oscillator period in 
1s; and Q1 is operating in a saturated mode. 


The following table shows both the calculated and measured 
data for the regulator circuit of Figure 31. 


ton ton 


ce 
5 | e077 ms 


DI D3 
2N 6650 ut 7-30V 
36 Vo.c. (PNP DARLINGTON} Paes -3A 
Q nO 
20 mH cs Vout 
15 D5 L2 == NON 

RI 10w C3 POLAR 
Ik 10000 ps F 
tw 


DI-02-IN206A 
D3-D4-IN2068 


Oke C7 
O.laF 
R4 
5k 
R5 
2k 
VOLTAGE 


CONTROL 


D5-RC47649 


R9-I5k 
C9-3300 p-p 
tosc -20 kHz 


FIGURE 31. THE CA1524 USED AS A 0A TO 5A 7V TO 30V LABORATORY SUPPLY 
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As the load current increases, the level of the input voltage 
to the D5-L1-C3 filter network decreases slightly due to an 
increase in the saturation voltage of Q1. this change in load 
causes the ON time of Q1’s base to increase in proportion to 
the decrease in voltage at Q1’s collector. This decrease in 
voltage, in turn, adjusts the output voltage at C3. Resistor R; 
controls the output voltage level. 


The efficiency curve for the variable output voltage power 
supply is shown in Figure 32 at load currents in the range of 
0.5A to 3A over the full output voltage range (7V - 30V). The 
efficiency of the variable switcher falls short of the ideal due 
to the losses incurred during the fall time of Q1’s collector 
voltage. Use of a lower frequency would improve efficiency, 
but would require more expensive inductive and capacitive 
components. Even though the efficiency values shown in 
Figure 32 are appreciably lower at the lower output voltages, 
the overall efficiency of the PWM variable supply is superior 
to that of the linear variable supply. 


EFFICIENCY - ’ (%) 


5 10 15 20s (5 30 


REGULATION INPUT CURRENT - Iy (A) 


REGULATOR OUTPUT CURRENT - I, (A) 


FIGURE 32. EFFICIENCY CURVE FOR THE VARIABLE OUTPUT 
VOLTAGE POWER SUPPLY SHOWN IN FIGURE 31 


A major factor in the improved efficiency of the switching reg- 
ulator is that output current does not have to be equal to 
input current as the output voltage swings between the end 
points of its range. The curves in Figure 32 (b) show the rela- 
tionship between the output current and the input current 
over the full voltage range and demonstrated how the switch- 
ing regulator accomplishes its high level of efficiency. At 
some combinations of output voltages and currents, the 
large reservoir energy capacitor (C3) supplies the difference 
between the required load current and available input current 
(see Figure 31). Note that the switching regulator has a 
higher efficiency for DC than AC - due primarily to the 
additional losses caused by the input bridge rectifiers D1 
through D4 in Figure 31. However, the advantage of the 
linear regulator is also apparent, it can provide output 
voltage down to nearly zero volts. 


Figure 33 shows the variation in ON time as a function of 
output loadings as measured at the base and collector of Q1 
respectively. The regulated output voltages are 30, 20, and 
10V, respectively with load currents of from 3A to 1A. The 
lower curve is the inductor current for the same voltages and 
loads. Note the change in the duty cycle and inductor current 
level waveforms in response to the short ON time required to 
supply the 30V output voltage level. 


Radio frequency interference (RFI) is usually generated with 
any switching regulator and certain networks must be added 
to minimize this interference. R, and C, (Figure 31) provide 
a snubber network for the switching current transients of 
diode D5 to reduce the level of the RFI generated. The 
Output filter network L2 and C4 through C6 provides a bifilar 
coil which additionally suppresses the switching noise. 
Varistors and input L-C filters can also be employed. 


Pulse-Width Modulator (PWM) Supply Details 


The CA1524 provides all sense and control functions in the 
variable output voltage power supply design of Figure 31. In 
this application, the ICs two alternately: switched output 
stages (pins 12 and 13) are connected in parallel to drive the 
switching transistor (Q1). The PWM IC provides an “on” 
drive signal to Q1 that, in effect, spans a 0% to 90% duty 
cycle. (The ICs output transistors can each provide a 0% to 
45% duty cycle during their alternate “on” periods, but when 
the outputs are connected in parallel their separate “on” 
times effectively add serially.) This 0% to 90% duty cycle 
span makes possible the design’s wide output voltage/ 
current range without manual switching. 


Other supply features include high operating efficiency (70% 
to 80%) over the full output voltage/current range. This high 
efficiency leads to fewer heat dissipation problems; there- 
fore, the design is easier to cool and its reliability is higher 
than that of conventional linear designs. Additionally, 
because the circuit switches at a relatively high frequency 
(approximately 23KHz), circuit capacitors and inductors are 
small, and the combination of small size components with 
low power dissipation permits a compact overall design. 
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(a) loyt = 1A, Voyr = 10V (b) Voyt = 20V (C) Voyr = 30V 


(d) lour = 3A, Vout = 10V (€) Vour = 20V (f) Vour = 30V 
NOTES: 
All Photos: Viy = 33Vdc, Horizontal - 10ps/Div Variable output switching power supply design employ pulse width 
Vertical Scale Factors: modulation techniques to achieve high performance. Note that “on” 
Upper Trace: CA1524 Output Voltage (Pins 12, 13) = 20V/Div times of Q1 and the CA1524 are more dependent on the circuit's 
Middle Trace: Q1 Collector Voltage = 20V/Div output voltage than by the output current to the load. 


Lower Trace: L, Current = 0.5A/Div, (a), (b), (d), (e); 
0.1A/Div, (c), (f) 


FIGURE 33. TYPICAL VOLTAGE AND CURRENT WAVEFORMS FOR CA1524 PWM REGULATOR OPERATED WITH P-N-P PASS 
TRANSISTOR AND SERIES LC AND DIODE FILTER NETWORK 
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The PWM supply does present a few disadvantages. For 
example, output voltages of less than 7V cannot be attained 
because the on-chip error amplifier of the PWM device has a 
limited low-end range. And efficiency suffers when the output 
load current levels are low enough to nearly equal the active 
devices’ no-load dissipation levels. In addition, a time lag 
occurs in voltage regulation with no load or light loads 
because C3 does not supply load current when the 
commutating diode D5 tries to conduct. 


Component and Wiring Considerations 


Besides being simple in concept, the regulator in Figure 31 
is easy to construct and align. Layout isn’t critical except in 
the ground returns where high circulating currents could 
cause problems. Note the indicated chassis and earth 
grounding points. The circuit diagram shows two separate 
return lines, one for all components in the power section and 
one for the control section. This arrangement is essential to 
assure good line and load regulation as well as minimal 
output noise. Keep the DC output well away from the 
switching circuits (switching occurs at 23kHz). 


To align the supply of Figure 31, first set the PWM error 
amplifier’s inverting input (pin 2) to approximately 33V by 
means of R7. (This voltage is the maximum value for the 
voltage control potentiometer). Then adjust the output of R4 
to pin 1 to 3.4V. This value yields a maximum supply output 
of 30V. When the voltage control potentiometer is varied 
from mininum to maximum, the ICs comparator input 
voltage at pin 9 varies from 0.5V to 3.8V. This voltage 
controls the PWMs on-to-off ratio and, therefore, the 
conduction time of switching transistor Q1. During operation, 
the control voltage is set to the desired supply output 
voltage, and the output to the PWM feedback network 
consisting of R3 through Ré5 controls the timing. 


(8) 


Other Applications 


‘Single-Ended Switching Regulator 


The CA1524 in the circuit of Figure 34 has both output 
stages connected in parallel to produce an effective 0% - 
90% duty cycle. Transistor Q1 is pulsed on and off by these 
output stages. Regulation is achieved from the feedback 
provided by R1 and R2 to the error amplifier which adjusts 
the on-time of the output transistors according to the load 
current being drawn. Various output voltages can be 
obtained by adjusting R1 ad R2. The use of an output 
inductor requires an R-C phase compensation network to 
stabilize the system. Current limiting is set at 1.9A by the 
sense resistor R3. 


Capacitor Diode Output Circuit 


A capacitor diode output filter is used in Figure 35 to convert 
+15Vdc to -5Vdc at output currents up to 50mA. Since the 
output transistors have built-in current limiting, no additional 
current limiting is needed. Table 1 gives the required mini- 
mum input voltage and feedback resistor values, R2; for an 
output voltage range of -0.5V to -20V with an output current 
of 40mA. 


Flyback Converter 


Figure 36 shows a flyback converter circuit for generating a 
dual 15V output at 20mA from a 5V regulated line. 
Reference voltage is provided by the input and the internal 
reference generator is unused. Current limiting in this circuit 
is accomplished by sensing current in the primary line and 
resetting the soft start circuit. 


500,F 


0.001 pF 
50 K2 


we 
0.12 


FIGURE 34. SINGLE-ENDED LC SWITCHING REGULATOR CIRCUIT 
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+15V o 


©) ae 
20mA 
@ N1341B 
(3) ocur R1 = 5KQ 
(10) a R1 (1 Vo! + 2.5) 
(VreF - 2.5) 
FIGURE 35. CAPACITOR DIODE OUTPUT CIRCUIT 
y+ INI3418 
+5vV 0 O+F!I5V 
+ sot SOHF 
e 
100 uF 50T = 
(15) ° SOuF 
-I5V 
5 Ka 
oO INI341B- 
gt +o- 
(i) 2N6290 
(s) 
(7) CORE: FEROX CUBE 
ow 2213P—A250—387 
a OR EQUIVALENT 
C0) 


FIGURE 36. FLYBACK CONVERTER CIRCUIT 


TABLE 1. INPUT vs. OUTPUT VOLTAGE AND FEEDBACK RESISTOR VALUES FOR I, = 40mA 
(For capacitor diode output circuit shown in Figure 35) 


Vo R2 V+ (Min) Vo R2 V+ (Min) 
(V) (kQ) (V) (V) (kKQ) (V) 
6 8 27 18 


-0.5 -11 

-2.5 “12 19 
-3.0 -13 20 
-4.0 -14 

-5.0 -15 

-6.0 -16 

-7.0 -17 

-8.0 


-9.0 -19 
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Push-Pull Converter 


The output stages of the CA1524 provide the drive for 
transistors Q1 and Q2 in the push-pull application of Figure 
37. Since the internal flip-flop divides the oscillator frequency 
by two, the oscillator must be set at twice the output 
frequency. Current limiting for this circuit is done in the 
primary of transformer T1 so that the pulse width will be 
reduced if transformer saturation should occur. 


Low Frequency Pulse Generator 


Figure 38 shows the CA1524 being used as a low frequency 
pulse generator. Since all components (error amplifier, 
oscillator, oscillator reference regulator, output transistor 
drivers) are on the IC, a regulated 5V (or 2.5V) pulse of 0% 
to 45% (or 0% to 90%) on time is possible over a frequency 
range of 150Hz to 500Hz. Switch S1 is used to go from a 5V 
output pulse (S1 closed) to a 2.5V output pulse (S1 open) 
with a duty cycle range of 0% to 45%. The output frequency 
will be roughly half of the oscillator frequency when the 
output transistors are not connected in parallel (75Hz to 
250Hz respectively). Switch S2 will allow both output stages 
to be paralleled for an effective duty cycle of 0% to 90% with 
the output frequency range from 150Hz to 500Hz. The 
frequency is adjusted by R,; Re controls duty cycle. 


Digital Readout Scale 


The CA1524 can be used as the driving source for an 
electronic scale application. The circuit shown in Figures 39 
and 40 uses half (Q2) of the CA1524 output in a low voltage 
switching regulator (2.2V) application to drive the LED's 
displaying the weight. The remaining output stage (Q1) is 
used as a driver for the sampling plates PL1 and PL2. Since 
the CA1524 contains a 5V internal regulator and a wide 
operating range of 8V to 40V, a single 9V battery can power 
the total system. The two plates, PL1 and PL2, are driven 
with opposite phase signals (frequency held constant but 
duty cycle may change) from the pulse width modulator IC 
(CA1524). The sensor, S, is located between the two plates. 
Plates PL1, S and PL2 form an effective capacitance bridge 
type divider network. As plate S is moved according to the 
object’s weight, a change in capacitance is noted between 
PL1, S and PL2. This change is reflected as a voltage to the 
amplifier (CA3160). At the null position the signals from PL1 
and PL2 as detected by S are equal in amplitude, but 
opposite in phase. As S is driven by the scale mechanism 


down toward PL2, the signal as S becomes greater. The 
CA3160 AC amplifier provides a buffer for the small signal 
change noted at S. The output of the CA3160 is converted to 
a DC voltage by a peak-to-peak detector. A peak-to-peak 
detector is needed, since the duty cycle of the sampled 
waveform is subject to change. The detector output is filtered 
further and displayed via the CA3161E and CA3162E digital 
readout system, indicating the weight on the scale. 


References 


For additional information concerning regulator designs and 
pulse width modulator applications, and for a list of 
integrated circuits and power transistors suitable for series 
switching applications, refer to the following publications: 


1. “CA1524 Series ICs Offer Efficiency in Power Supply De- 

sign”. 

2. Data Sheet for the CA1524, Regulating Pulse Width 
Modulator, File Number 1239.2 


3. Application Note, ICAN-6605, “Power Devices in Off-the- 
Line High-Frequency Inverter/Converter 
Circuits”. R Minton, !. Martin, and J. Vara. 


4. Application Note, ICAN-6743, “900 Watt, Off-the-Line, 
Half-Bridge Converter Using Only Two 15A Switch Max 
High Voltage Power Transistors”, R.B. Jarl and K.R. 
Kemp. 


5. Application Note, ICAN-6843, “A 450 Watt, 40kHz, 
240VAC to 5VDC Forward Converter Using a New Type 
of Transistor’, R.B. Jarl and W.R. Witte 


6. EDN Design Ideas, EDN Publication, December 16, 
1981, “Pulse Width Modulators Measure Weights”, C.P. 
Salerno and P.J. Stabile, RCA Solid State Division, 
Somerville, N.J. 


7. EDN Design Ideas, EDN Publication, August 19, 1981, 
“Apply Pulse Width Modulators to Produce Variable DC 
Voltages”, C. Field, R. Jarl, C. Salerno, RCA Solid State 
Division, Somerville, N.J. 

8. “A General Unified Approach to Modeling Switching 
Converter Power Stages:, R.D. Middlebrook and S. Cun, 
IEEE Proceedings, June 1976. 


9. “Switching and Linear Power Converter Design”, A.1. 
Pressman, Hayden Publications, 1977. 


10. “Linear/Switching Voltage Regulator Handbook”, 
Second Edition, Motorola. 


10-60 


Application Note 6915 


+28 V© 


D2412A my 


FIGURE 37. PUSH-PULL TRANSFORMER COUPLED CONVERTER 
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FIGURE 39. BLOCK DIAGRAM - DIGITAL READOUT SCALE CIRCUIT 
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TO SCALE 
MECHANISM 
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FIGURE 40. SCHEMATIC DIAGRAM OF DIGITAL READOUT SCALE 
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THE CA1524E PULSE-WIDTH MODULATOR-DRIVER 
FOR AN ELECTRONIC SCALE 


Authors: C.P. Salerno and P.J. Stabile 


The CA1524E pulse-width modulator integrated circuit 
presently in use in voltage-regulator applications can also be 
employed as the driving source for an electronic scale. As 
shown in the block and schematic diagrams of Figures 1 and 
2, half of the output of the CA1524E, Q2, is used in a low- 
voltage (2.2 volts) switching regulator that drives the LEDs 
displaying the weight measured. The remaining output 
stage, Q1, is used as a driver for the sampling plates PL1 
and PL2. Since the CA1524E contains a 5V_ internal 
regulator and is able to operate over a wide voltage range, 
8V to 40V, a single 9V battery is sufficient to power the total 
system. The two sampling plates, PL1 and PL2, are driven 
by oppositely phased signals (the frequency is held constant 
but the duty cycle may change) from the pulse-width 
modulator integrated circuit CA1524E. The sensor, S, 
located between the two plates forms with them an effective 
divider network of the capacitance bridge type. 


COUPLED TO MECHANICAL 
SCALE MECHANISM 


OSCILLATOR 
= 20kHz 
(PART OF 
CA1524E) 


As the plate S is moved, the amount of movement depend- 
ing on the weight of the object on the scale, a change in 
capacitance occurs. This change is reflected as a voltage to 
the AC amplifier, the integrated circuit CA3160. At the null 
position, the signals for PL1 and PL2, as detected at S, are 
equal in amplitude, but opposite in phase. As S is driven by 
the scale mechanism down toward PL2, the signal at S 
becomes greater. The CA3160 AC amplifier provides a 
buffer fro the small signal change noted at S. The output of 
the CA3160 is converted to a DC voltage by peak-to-peak 
detector. A detector of this type is needed because the duty 
cycle of the sampled waveform is subject to change. The 
detector signal is filtered further and displayed, by means of 
the CA3161E and the CA3162E digital readout system, as 
the weight of the object on the scale. 


NO WEIGHT 


| | | | FULL SCALE 


pene Ve Low PASS | VOLTAGE 
PEAK FILTER 
DETECTOR 


DISPLAY 
DRIVE 
(PART OF 
CA1524E) 


CA3130 


DIGITAL 
METER AND 
DISPLAY 


FIGURE 1. BLOCK DIAGRAM - DIGITAL READOUT SCALE CIRCUIT 
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FIGURE 2. SCHEMATIC DIAGRAM OF DIGITAL READOUT SCALE 
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UNDERSTANDING POWER MOSFETs 


Author: Tom McNulty 


Power MOSFETs (Metal Oxide Semiconductor, Field Effect 
Transistors) differ from bipolar transistors in operating 
principles, specifications, and performance. In fact, the 
performance characteristics of MOSFETs are generally 
superior to those of bipolar transistors: significantly faster 
switching time, simpler drive circuitry, the absence of a 
second-breakdown failure mechanism, the ability to be 
paralleled, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general MOSFET characteristics, and a more thorough 
discussion of structure, thermal characteristics, gate 
parameters, operating frequency, output characteristics, and 
drive requirements. 


General Characteristics 


A conventional n-p-n bipolar power transistor is a current- 
driven device whose three terminals (base, emitter, and 
collector) are connected to the body by silicon contacts. 
Bipolar transistors are described as minority-carrier devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination is that it limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped- 
ance load to its driving circuit. In most power circuits, this 
low-impedance input requires somewhat complex drive 
circuitry. 


By contrast, a power MOSFET is a voltage-driven device 
whose gate terminal, Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (SiO). As a 
majority-carrier semiconductor, the MOSFET operates at 
much higher speed than its bipolar counterpart because 
there is no charge-storage mechanism. A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel region beneath the gate; that is, the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1(b). 
This conversion, called the surface-inversion phenomenon, 
allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when in this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion phenomenon, then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n character. 


By virtue of its electrically-isolated gate, a MOSFET is 
described as a high-input impedance, voltage-controlled 
device, whereas a bipolar transistor is a low-input-imped- 
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ance, current-controlled device. As a majority-carrier 
semiconductor, a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon- 
ductors also tend to slow down as temperature increases. 
This effect, brought about by another phenomenon called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
imposed on it) makes a MOSFET more resistive at elevated 
temperatures, and much more immune to the thermal- 
runaway problem experienced by bipolar devices. 


A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain, Figure 
1(c). (There is no equivalent for this diode in a bipolar 
transistor other than in a bipolar darlington transistor.) Its 
characteristics make it useful as a clamp diode in inductive- 
load switching. 


ALUM SOURCE GATE p CONVERTED 


TO n CHANNEL 


(c) 


FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED DEVICE 
WITH AN ELECTRICALLY ISOLATED GATE, USES 
MAJORITY CARRIERS TO MOVE CURRENT FROM 
SOURCE TO DRAIN (A). THE KEY TO MOSFET 
OPERATION IS THE CREATION OF THE INVER- 
SION CHANNEL BENEATH THE GATE WHEN AN 
ELECTRIC CHARGE IS APPLIED TO THE GATE 
(B). BECAUSE OF THE MOSFETs CONSTRUC- 
TION, AN INTEGRAL DIODE IS FORMED ON THE 
DEVICE (C), AND THE DESIGNER CAN USE THIS 
DIODE FOR A NUMBER OF CIRCUIT FUNCTIONS. 
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Structure 


Harris Power MOSFETs are manufactured using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large number of closely packed, hexagonal cells. The 
number of cell varies according to the dimensions of the 
chip. For example, a 120-mil chip contains about 5,000 
cells; a 240-mil? chip has more than 25,000 cells. 


One of the aims of multiple-cells construction is to minimize 
the MOSFET parameter fpgon), OF resistance from drain to 
source, when the device is in the on-state. When Ipsony iS 
minimized, the device provides superior power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-to-source current. 


Since the path between drain and source is essentially 
resistive, because of the surface-inversion phenomenon, 
each. cell in the device can be assumed to contribute an 
amount, R,, to the total resistance. An individual cell has a 
fairly low resistance, but to minimize rpgon), it is necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its rps(on) Value: 


Tps(ON) = Ry/N, where N is the number of cells. 


Rext 
DS(ON) RcHAN 


ReBuLK 


TpS(ON) (MQ) 


30 100 


4000 
Bypss (V) 


FIGURE 2. THE DRAIN-TO-SOURCE RESISTANCE (Ipgiony OF 
A MOSFET IS NOT ONE BUT THREE SEPARATE 
RESISTANCE COMPONENTS) 


TABLE 1. PERCENTAGE RESISTANCE COMPONENTS FORA 
TYPICAL CHIP 


a 


In reality, tps(ony is composed of three separate resistances. 
Figure 2 shows a curve of the three resistive components for 
a single cell and their contributions to the overall value of 
fps(on): The value of rpsion) at any point of the curve is 
found by adding the values of the three components at that 
point: 


Tos(ony = Reuck + Ronan + Rext 


where Ronan represents the resistance of the channel 
beneath the gate, and Rey; includes all resistances resulting 
from the substrate, solder connections, leads, and the 
package. Reutx represents the resistance resulting from the 
narrow neck of n material between the two players, as 
shown in Figure 1(a), plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. | 


Note in Figure 2 that Rowan and Reytz are completely inde- 
pendent of voltage, while Rey is highly dependent on 
applied voltage. Note also that below about 150 volts, 
Tps(on) iS dominated by the sum of Roan and Rex7. Above 
150 volts, 'psony is increasingly dominated by Reutk. Table 
1 gives a percentage breakdown of the contribution of each 
resistance for three values of voltage. 


Two conclusions, inherent consequences of the laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn from the preceding discussion: First, psn) 
obviously increases with increasing breakdown-voltage 
capability of a MOSFET. Second, minimum  tpson) 
performance must be sacrificed if the MOSFET must with- 
stand ever-higher breakdown voltages. 


The significance of Reutk in devices with a high voltage 
capability is due to the fact that thick, lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature breakdown) within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages, the bulk component of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The DS(ON) 
therefore, increases with increasing breakdown voltage 
capability, and low fps;on) must be sacrificed if the MOSFET 
is to withstand even higher breakdown voltages. 


There is a way around these obstacles. The rpsiony in Figure 
2 holds only for a relatively small chip. Using a larger chip 
results in a lower value for fpg(on) because a large chip has 
more cells (See Figure 3). A larger chip also increases 
MOSFET breakdown voltage capability. 


The penalty for using a larger chip, however, is an increase 
in cost, since chip size is a major cost factor. And because 
chip area increases exponentially, not linearly, with voltage, 
the additional cost can be substantial. For example, to obtain 
a given pson) at a breakdown voltage twice as great as the 
original, the new chip requires an area four or five times 
larger than the original. Although the cost does not rise 
exponentially, it is substantially more than the original cost. 
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0 
6 
; SMALLEST 


FDS(ON) (2) 


0.04 
0.02 
0.01 


0 100 200 300 400 500 600 
Bypss (V) 


FIGURE 3. AS CHIP SIZE INCREASES, psjon) DECREASES, & 
VOLTAGE HANDLING CAPABILITY INCREASES 


Effects of Temperature 


The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting, the tendency of current in a bipolar device to 
concentrate in areas around the emitter. Unchecked, this 
hot-spotting results in the mechanism of thermal runaway, 
and eventual destruction of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where, again, mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field imposed on 
it) is temperature dependent in silicon: mobility decreases 
with increasing temperature. This inverse relationship 
dictates that the carriers slowdown as the chip gets hotter. In 
effect, the resistance of the silicon path is increased, which 
prevents the concentrations of current that lead to hot spots. 
In fact, if hot spots do attempt to form in a MOSFET, the local 
resistance increases and defocuses or spreads out the 
current, rerouting it to cooler portions of the chip. 


Because of the character of its current flow, a MOSFET has 
a positive temperature coefficient of resistance, as shown by 
the curves of Figure 4. 


4 


Ip=4A 
Ves = 10V 


ps(ON) (2) 
NO 


-50 0 50 100 150 200 
JUNCTION TEMPERATURE - Ty (°C) 


FIGURE 4. MOSFETs HAVE A POSITIVE TEMPERATURE CO- 
EFFICIENT OF RESISTANCE, WHICH GREATLY 
REDUCES THE POSSIBILITY OF THERMAL RUN- 
AWAY AS TEMPERATURE INCREASES 


The positive temperature coefficient of resistance means 
that a MOSFET is inherently stable with temperature 
fluctuation, and provides its own protection against thermal 
runaway and second breakdown. Another benefit of this 
characteristic is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat, its resistance will increase, 
and its current will be directed away to cooler chips. 


Gate Parameters 


To permit the flow of drain-to-source current in an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since, as.described above, the 
gate is electrically isolated from the body of the device, 
theoretically no current can flow from the driving source into 
the gate. In reality, however, a very small current, in the 
range of tens of nanoamperes, does flow, and is identified on 
data sheets as a leakage current, Iqsg. Because the gate 
current is so small, the input impedance of a MOSFET is 
extremely high (in the megohm range) and, in fact, is largely 
capacitive rather than resistive (because of the isolation of 
the gate terminal). 


Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent, rather than physical, resistance, R, 
and capacitance, C. The capacitance, called Cjsg on 
MOSFET data sheets, is a combination of the device's 
internal gate-to-source and gate-to-drain capacitance. The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent R and C of the input 
circuit determine the upper frequency limit of MOSFET 
operation. 


Ciss 


FIGURE 5. A MOSFETs SWITCHING SPEED IS DETERMINED 
BY ITS INPUT RESISTANCE R AND ITS INPUT 
CAPACITANCE Cis 


Operating Frequency 


Most DMOS processes develop the polysilicon gate 
Structure rather than the older metal-gate type. If the 
resistance of the gate structure (R in Figure 5) is high, the 
switching time of the DMOS device is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property accounts for the frequent use of metal-gate 
MOSFET in high-frequency (greater than 20MHz) 
applications, and polysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 


Since the frequency response of a MOSFET is controlled by 
the effective R and C of its gate terminal, a rough estimate 
can be made of the upper operating frequency from 
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datasheet parameters. The resistive portion depends on the 
sheet resistance of the polysilicon-gate overlay structure, a 
value of approximately 20W/LJ. But whereas the total R 
value is not found on datasheets, the C value (Cjss) is; it is 
recorded as both a maximum value and in graphical form as 
a function of drain-to-source voltage. The value of Cjsg is 
closely related to chip size; the larger the chip, the greater 
the value. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance dominates, larger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful in lower-frequency circuits. In general, the upper 
frequency limit of most power MOSFETs spans a fairly broad 
range, from 1MHz to 10MHz. 


Output Characteristics 


Probably the most used MOSFET graphical data is the 
output characteristics or plot of drain-to-source voltage (Vps) 
as a function of drain-to-source current (Ip). A typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vps values as a function of the gate-to- 
source voltage (gs). The curve is divided into two regions: a 
linear region in which Vps is small and drain current 
increases linearly with drain voltage, and a saturated region 
in which increasing drain voltage has no effect on drain 
current (the device acts as a constant-current source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 


Drive Requirements 


When considering the Vg, level required to operate a 
MOSFET, note, from Figure 6, that the device is not turned 
on (no drain current flows) unless Vg, is greater than a 
certain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia- 
ble increase in drain current can be expected. Generally Vg, 


for many types of DMOS devices is at least 2V. This is an 


important consideration when selecting devices or designing 
circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage level, but preferably, a 
much higher one. 


As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, on the order of 10V, to ensure maximum 
saturated drain-current flow. However, integrated circuits, 
such as TTL types, cannot deliver the necessary voltage 
levels unless they are modified with external pull-up 
resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate most MOSFETs. Thus, TTL drivers are most 
suitable when the current to be switched is far less than the 
rated current of the MOSFET. CMOS ICs can run from 
supplies of IOV, and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS ICs 
provide the drive, are achieved when special buffering chips 
are inserted between the IC output and gate input to match 
the needs of the MOSFET gate. 


PULSE TEST 
PULSE DURATION = 80uS 
DUTY CYCLE < 2% 


To = 25°C 


Vg = 6V 


DRAIN CURRENT - Ip (A) 


DRAIN-TO-SOURCE VOLTAGE - Vps (V) 


FIGURE 6. MOSFETs REQUIRE A HIGH INPUT VOLTAGE (AT 
LEAST 10V) IN ORDER TO DELIVER THEIR FULL 
RATED DRAIN CURRENT 
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SWITCHING WAVEFORMS OF THE L?FET: 
A 5 VOLT GATE-DRIVE POWER MOSFET 


Author: C. Frank Wheatley, Jr. and Harold R. Ronan, Jr. 


The switching waveforms of a newly announced series of 
power MOSFET devices called Logic Level FETs (L2FETs) 
and featuring a 5V gate drive are presented and contrasted 
with those of the more conventional 10V gate drive devices. 
A new method of characterizing MOSFET switching perfor- 
mance is discussed in which the MOSFET is treated as a 
vertical JFET driven in cascade from a low voltage lateral 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
reduction in switching “dynamic Vicar)’ dissipation with con- 
stant drive power of the L2FET over the 10V MOSFET are 
demonstrated and discussed 


Background 


A new series of power MOSFET devices called Logic Level 
FETs, or L?FETs, is compatible with the 5V power supply 
used for logic circuitry. L?FETs retain the on resistance, 
drain current, and blocking voltage ratings of their 10V pre- 
decessors, but operate from a much less costly 5V supply. 


The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the industry standard 
100nm to 50nm (500A). Since the surface inversion of the 
MOS channel is determined by the gate insulator voltage 
field, halving the insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 


The apparent conclusion from a study of the switching wave- 
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed does not prove true. Measurements demonstrate 
empirically a 2:1 increase in switching speed for the L?FET 
over its 100nm predecessor, where gate drive power is the 
same for both devices. The “dynamic Visgaqy” dissipation is 
lowered by a factor of four. The apparent anomalies are 
explained with the aid of a new method of switching charac- 
terization developed by treating the power MOSFET as a 
grounded gate, depletion mode, vertical JFET driven in cas- 
cade by a grounded source, enhancement mode, lateral 
MOS. The waveforms and switching characterization meth- 
ods are described in detail below. 


L?FET Characteristics Compared to Standard Types-A 
Brief Review 


Thirty-two different power MOSFETs of the L°FET structure 
have been announced. These devices were designed to be 
totally interchangeable with the standard power MOSFET 
with respect to output characteristics, while offering twice the 
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gate sensitivity, as shown in Figures 1, 2, and 3, which are 
comparisons of the industry standard RFM10N15 with its 
Logic Level FET counterpart, the RFM10N15L. (Although 
the L suffix notation in the type number will ultimately be 
valid for the entire product matrix, the L?FET product cur- 
rently available is limited to n-channel devices handling 200V 
or less, with 15A ratings or less.) 


Vg = 9(4.5)V 
Vg = 6(3)V 


RFM10N15 
RFM10N15L 


Vg = 5(2.5)V 


Vg = 4(2)V 


DRAIN CURRENT (Ip) (A) 


30 60 90 120 150 
DRAIN VOLTAGE (Vp) (V) 


FIGURE 1. DRAIN CURRENT vs. DRAIN VOLTAGE CURVES 
FOR REPRESENTATIVE STANDARD AND L?FET 
DEVICES 


RFM10N15 
RFM10N15L 


Vg = 5(2.5)V 


DRAIN CURRENT (Ip) (A) 


4 
DRAIN VOLTAGE (Vp) (V) 
FIGURE 2. DRAIN CURRENT vs. LOW DRAIN VOLTAGE 
CURVES FOR REPRESENTATIVE STANDARD 
AND L?FET DEVICES DEMONSTRATING THAT 
Ron HAS NOT BEEN SACRIFICED IN THE L?FET 


Figures 1 and 2 are plots of drain current versus drain volt- 
age with gate voltage as the running parameter. The L?FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that RON has not been sacrificed in 
the L?FET. Figure 3 is the transfer characteristic comparison 
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for three different temperatures. The abscissa has two 
scales to reflect the different gate sensitivities; again, L val- 
ues are in parenthesis. It is evident from the curve that:. 


1. The threshold voltage is scaled down by a factor of two for 
the L?FET. 


2. The thresholf voltage temperature coefficient in mV/AC is 
scaled down. 


3. The current level for zero temperature coefficient is un- 
changed. 


4. The transconductance is scaled up by a factor of two. 


All other L2FETs have similar relationships to their respec- 
tive predecessors. 


RFM10N15 


RMF10Ni15L 


DRAIN CURRENT + (Ip) (A) 


2 4 6 8 
(1) (2) (3) (4) 
GATE VOLTAGE (Vg) (V) 


FIGURE 3. TRANSFER CHARACTERISTIC 


Switching Waveforms with Conventional 
Drive 


The first concern when comparing devices with such a large 
difference of transfer sensitivity is one of “other things being 
equal”. If the standard device is driven between zero and ten 
volts with an Rg of 25Q, impedance transformation dictates 
that the L?7FET should be driven between zero and five volts 
with an Rg of 6'/, Q, thereby transforming open circuit volt- 
age and short circuit current by factors of 2 (or '/5). With 
these parameters, either drive system will supply a peak Re, 
or generator dissipation, of one watt. 


Figure 4 displays the drain voltage versus time of the 
RFM10N15 and the RFM10N15L when each is driven as 
described above with a 5A, 75V resistive load line. The time 
scale is 100ns per division. The table under the graph com- 
pares on delay time, rise time, off delay time, and fall time for 
each device. The times are measured in the normal manner, 
that is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 


Note that: 
1. The rise and fall times are not symmetrical 
2. The is L?FET faster 


3. There is a “dynamic Visaty” type of behavior 


4. The “dynamic Visat) is of a lesser amplitude for the 
L?FET 


These observations are discussed below. 


100 


50 
RFM10N15L 


DRAIN VOLTAGE (Vp) (V) 


RFM10N15 


TIME (n) 


GATE | Re tirise) | toiorrR) | YrALL 
~ TYPE DRIVE | (Q) (ns) | (ns) (ns) 
RFM10N15 0-10V 73 
(100nm) | | 
RFMION15L | O-5V | 6.25 57 104 
(50nm) 


FIGURE 4. DRAIN VOLTAGE vs. TIME CURVES FOR REPRE- 
SENTATIVE STANDARED AND L?FET DEVICES 


Switching Waveforms with Constant 
Current Drive 


The power MOSFET is a current driven device during transi- 
tions due to the charging or discharging of capacitances. In 
actual! applications, most drive circuits exhibit a first order 
approximation to a constant current where the voltage com- 
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 


Figure 5 presents the curves for the RFM10N15 and 
RFM10N15L when each is driven from a current generator 
whose Ig; = Igo, with gate voltage limits of zero and 10 or (5) 
volts. The drive current is kept the same for both devices in 
this case even though the L?FET receives less drive power 
or energy. The value for lg, and lez was chosen as 5mA; the 
time scale is 1p1sS/division. 


Note that: 


1. The rise and fall times ofa oes device are the same with 


Current drive. 


2. The two devices have similar output waveforms in most 
regions. 


3. There is a persistent “dynamic Vga)" even at slow switch- 
ing speeds. 
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4. The “dynamic Vigary’ Curves are symmetrical during the 
low drain voltage portion of the turn on and turn off portion. 


5. The “dynamic Visar)” Curves are lower in amplitude by a 
factor of approximately two for the L?FET. 


R, - RATED VOLTS 
L~ RATED AMPERES 


PERCENT RATED DRAIN VOLTAGE (%) 


TIME (us) 


FIGURE 5. CHARACTERIZATION CURVES FOR REPRESEN- 
TATIVE DEVICES DRIVEN FROM A CURRENT 
GENERATOR 


Large Signal Equivalent Circuit of the 
MOSFET 


If we are to understand the differences and similarities of the 
L?FET relative to the conventional power MOSFET, the 
conventional poer MOSFET must first be understood. Figure 
6 shows a properly proportioned cross sectional view of the 
power MOSFET. 


SOURCE METAL 
POLY GATE GLASS GATE OXIDE 


+n SOURCE 


: 
ore 
“e 


n+ DRAIN 


FIGURE 6. CROSS SECTION OF POWER MOSFET 


When the drain voltage is very low and the gate is forward 
biased, an accumulation layer exists for the n- region 
beneath the gate. This layer may be thought of as serving 
the function of the drain for the lateral MOS. In addition, it 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET drain. This situation is 
shown in Figure 6, where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 


are schematically implied by the left half of Figure 6. The 
right half indicates the edge of the depletion width for several 
drain voltges. Note how the JFET pinches off, such that 
increased drain voltage is supported predominately by the 
JFET. This structure is schematically represented as shown 
in Figure 7. Note that the third quadrant diode is caused by 
the p-n junction associated with the gate and drain charac- 
teristic (common to all JFETs). A parasitic n-p-n transistor is 
not shown, nor is it discussed in this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 


represented. 
(3) 
Qf? 


FIGURE 7. SCHEMATIC REPRESENTATION OF THE CROSS 
SECTION OF FIGURE 6 


interelectrode Capacitance 


The equivalent circuit of Figure 7 contains four voltage 
nodes. Therefore, six capacitors will exist to couple these 
nodes. The switching waveforms are determined by these 
capacitors and the samil signal equivalent circuit of the MOS 
and JFET. Of course, the MOS and JFET small signal equiv- 
alent circuits are nonlinear functions of voltage and current 
and invarient with frequency. Similarly, the capacitors are 
nonlinear with voltage and current. | 


Industry data sheets show three terminal characterization of 
this four node network at zero drain current. Under this con- 
dition, the transconductance and output resistance are zero 
and infinity for both the MOS and the JFET. This condition 
reducesthe power MOSFET to the capactor network of Fig- 
ure 8, which may be replaced by three capacitors. Note that 
this situation is valid only when no MOSFET current flows. 


C23 


C24 C34 


Cy2 C14 C13 


FIGURE 8. CAPACITOR NETWORK REPRESENTATION OF 
THE POWER MOSFET 


When current does flow, node (4) of Figure 7 is a low imped- 
ance node due to the source follower characteristic of the 
JFET. Similarly, nodes (1) and (3) are generally low imped- 
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig- 
nificant only to the input node, (2). Capacitors Cy, Co3, and 
Co4 are examined below over most of the switching regime 
when current is flowing. 
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Gate to Source Capacitance, C,. 


When all of the die except the actual MOSFET cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(C,.) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionaly a fringing capacitance exists at the edge 
of the polysil gate. These components of Cy. are invariant 
with voltage and current. There is a fourth component from 
the poly gate to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 


Gate to Drain Capacitance, Co, 


Capacitor C23 exists only when no accumulation layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when- 
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
capacitive coupling from drain to gate diminishes greatly 
when the JFET is pinched off. Therefore, C23 exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern is closed off similarly to the 
aperture of a camera (for a hex cell). 


Gate to Internal Electrode Capacitance, Co, 


Capacitor C2, is rather large for positive gate voltages. It is 
made up of that area between the poly gate and the accu- 
mulation layer, plus some of the area between the poly gate 
and the moddle of the MOS channel. In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and Co, is invariant. This accumul- 
atin layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu- 
mulation layer (JFET cathode) rapidly decreases with 
increased drain voltage. In addition, a depletion layer may 
now form, leading to a further reduction of Cy4. 


Waveforms Expected from the Model 


The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +5V or +10V and the gate current equal to 
zero. This condition corresponds to saturated behavior, 
where the drain current is approximately equal to Ip(max) 
and the drain voltage equals Ip(max) times Rps(ON). 


Gate Voltage Slope - tog Delay 


As time progresses, Ig = -5mA, which must flow through Cy 
+ Coz + Co, of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dV,/dt = dV4/ 
dt = nearly 0. With large positive gate bias and drain voltage 
near zero, Co3 is zero and C,5 and Co, are constant. As a 
result, the gate voltage should be a straight line with a slope 
equal to: 


dVe/dt = I@/(Cy2 = Coa) | (1) 


Gate Voltage Plateau 


As the gate voltage decreases, the drain voltage will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this point, the very high transconductance of the MOS is 
consistent with very little change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voltage. As 
a result, the gate current no longer flows from C12 during the 
constant gate voltage plateau. 


Drain Voltge Shallow Slope 


Since C23 is still zero, all gate current must flow from C24. 
Assuming that the gate voltage is plateaued and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 


dV)/dt = Ie/Co4 (2) 
Again this curve will approximate a straight line. 
Drain Transition Voltage 


As mentioned above, Cy, rapidly decreases once the drain 
voltage is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gae oxide, 
and differs from the drain voltage by an amount nearly equal 
to Ipfps(on).) | 


Since the drain voltage is still firly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of Co, has 
materially decreased and Cy3 has become finite. This situa- 
tion results in a substantial increase in dVp/dt. 


JFET Pinch Off Voitage - Drain Voltage Steep Slope 


As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes in its source-to-gate voltage. But the JFET sour-to- 
gate voltage is the lateral MOS drain-to-source voltage, which 
is dominated by equation 2 (but for low values of C54). 


Gate Voltage Curvature from Plateau 


As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through C45. This flow pro- 
duces a gradual transition in the gate voltage and some 
slowing of the drain voltage waveform. 


Gate Voltage Slope - tion) Delay 


When the drain is totally off, most of the gate current flows 
from C12. Again,this capacitance is constant, so that the 
waveform is a straight line with a slope equal to: 


AVg/dt = Ie/Cyp (3) 
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FIGURE 9. TEST CIRCUIT 


New Switching Characterization for 
Power MOSFETs 


The above discussion suggests that a new method of char- 
acterization may be provided for resistive switching with 
power MOSFETs, where constant eurrent gate drive is 
employed during the transition time.’ The ecw method 
bears some similarity to the gate charge concept.” The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl- 
edge of all waveforms with any drive dircuitry, rather than 
just the total elapsed time. In addition, the total elapsed time 
is fixed (at just under 50 microseconds) by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable with milliamperes and microsec- 
onds (although the product is charged in nanocoulombs). 


Test Circuit - Drive 


A test circuit is shown in Figure 9. The heart of this circuit is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance amplifier (OTA) operated as a comparator. 
An OTA is a current output circuit where the output current 
and output transconductance are programmed by the ampli- 
fier bias current (lagc). Internal chip circuit feedback assures 
an extremely high output impedance within a compliance 
range established by the supply voltages. The circuit of Fig- 
ure 9 is actually two OTA’s in parallel. The linearizing diodes 
on this chip are not used. 


A value of lagc is established from the collector of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +lagc and -lagc times a 
constant of proportionality (approximaetly 0.9). The actual 
value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu- 
rated behavior of tlagc. If the gate voltage comes within a 
volt of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup- 
ply voltages are adjusted to clamp O volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC is 
excellent from submicroamperes to about 2.5mA. Higher 
current may be achieved by stacking many CA3280 pack- 


ages one on top of another and soldering the leads to apral- 
lel the chips rather than wiring many sokets. However, this 
arrangement may require an increase in the bypass capaci- 
tor values. 


A CA3240E MOS input op amp is used as a unity gain fol- 
lower. Otherwise, the 1mQ or 10mQ shunting impedance of 
the scope would load the high impedance circuitry associ- 
ated with the MOSFET gate. 


Testing Conditions 


A pulse generator is set for 50us on time duration and 
approximately 25ms repetition rate (about 0.2% duty cycle). 
The + clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi- 
mum rated voltage divided by the maximum rated current. 


With a low value of drain supply voltage, observe the gate 
voltage while adjusting Iagc. A convenient set f conditions 
occurs when a short dwell time of several ps exists at the 
+10V level. Minor adjustments may be desired for IABC as 
the drain supply voltage is increased to maximum rated 
value. The L?FETs would be tested at +5V gate clamp. 


Figure 10 exhibits the pertinent waveforms for an 
RFM15N15. All power MOSFETs have similar waveforms. 
Figure 10(a) is the 3V signal to the CA3280. Figure 10(b) is 
the power MOSFET gate current. In this example, the ampli- 
tude is +1mA with a third state of OmA. Figure 10(c) displays 
the gate voltage and the drain voltage, 10V peak-to-peak 


‘and 150V peak-to-peak. Figure 10(d) is a piece wise linear 


approximation of Figure 10(c). The datum line is zero volts 
and applies to both waveforms. The time scale of the wave- 
forms of Figure 10 is 100us full scale. 


There are some features of the gate and drain voltage wave- 
forms that should be noted. These features are consistent 
with the equivalent model discussion. 


1. The waveforms during the positive gate current time are 
symmetrical to those during the negative gate current 
time. Exceptions will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex- 
ceptions are discussed in the following. 
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2. The drain voltage waveform contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 


3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt- 
age excursion. 


4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
fps(on). 

5. The gate voltage waveform contains three near straight 


line segments during the positive gate current transition 
time. 


(a) 


(b) 


(c) 


| (d) 
FIGURE 10. (a) 3V SIGNAL TO THE CA3280, (b) POWER MOS- 
FET GATE CURRENT, (c) GATE AND DRAIN VOLT- 


AGE, (d) PIECE WISE LINEAR APPROXIMATION 
OF 10(c) 


Application of the Switching Data - 


Figure 11 is a family of curves similar to Figure 10(c), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the gate voltage, while it is nor- 
malized to 100% of maximum-rated drain voltage for the 
drain-voltage curves. All four sets of curves are taken with a 


predetermined gate current, tl. The abscissa is also nor- 
malized to 100 (I7/lg) microseconds full scale, where lg is 
the actual gate drive current. With this characteristic curve, 
switching behavior may be readily predicted for almost any 
driving circuit, provided the load is resistive. 


r\l | [fm eN tt lm 


}; SS 


FIGURE 11. CURVES SIMILAR TO THOSE OF FIGURE 10(c) 
WITH DRAIN SUPPLY VOLTGE FIXED AT FOUR 
VALUES 


Symmetrical Current Drive 


Waveforms of Figure 11 will scale in an inverse manner with 
gate current. Driving current was varied from +200mA to 
+2uA for the device of Figure 11. Measurements of delay time 
(on), rise time, delay time (off), and fall time are plotted in 
Figure 12 and compared to the inverse scaling suggested by 
Figure 11. | 


RFM15N15 


x td (OFF) 
4 tf 


oO tr 
- td (ON) 


FIGURE 12. VARIOUS TIME MEASUREMENTS COMPARED TO 
THE INVERSE SCALING SUGGESTED BY 
FIGURE 11. 


It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, which would cause some deviation from the 
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inverse scaling. This condition was not noted on Figure 12 
for gate currents as low as t2nA. 


Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and gate runners, which are of a low resistivity metal 
followed by buried polysilicon of a moderate resistivity. Asa 
result, the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect is not seen in Figure 12, even though the gate current 
was increased to t200mA. 


Asymmetrical Current Drive 


The positive and negative gate drive will often be dissimilar. 
Of course, the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. Piecewise linear methods will yield the gate 
current, which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 


1. Mark eleven small x’s along the gate waveform of Figure 
11 dividing it into 10 equal voltage segments; for example, 
Vqg=0, 1, 2,...9, 10V. 


2. Draw a vertical line through each x the full height of the fig- 
ure, creating 10 time segments. 


3. If the driving-pulse amplitude is 0 to 10 volts with an inter- 
nal resistance of 100 ohms, calculate the piecewise linear 
gate current for each time segment. Ig, = (10 - 0.5)/100 = 
95mA, Igo = (10 -1.5)/100 = 85mA, etc. 


4. Then scale each waveform within the pertinent time seg- 
ment by the proper gate current. 


5. Smooth the curves. 


6. Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5,8.5, . 
.. 1.5, 0.5 volts. Call these segments 11,12,... 19,20. 


7. In that the pulse-generator voltage is now zero volts, cal- 
culate Iq as: 
lai, = (0-9.5)/100 = -95mA, Igo = (0-8.5)/100 = -85mA, 
etc. 


8. Repeat 4 and 5. L?FETs would be treated with smaller 
voltage segments. 


Generally, the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator amplitude (5 
volts). As a result, rise and fall times measured this way 
experience differing gate currents and are “nonsymmetrical”. 
This type of measurement will also lead one to observe 
temperature sensitivities, load-current sensitivities, and 
device-to-device variability, all of which are more circuit 
dependent than device dependent. 


Source-Lead Inductance 


The gate-voltage waveforms may be corrected by the 
voltage across the source-lead inductance and external 
inductance, which may be mutually common to the input and 


output current loops. This voltage, L di/dt, may be 
approximated and applied to the gate-voltage waveform after 
scaling Figure 12 for the actual gate currents. Generally, this 
effect is not appreciable for gate current small relative to 
£100mA. A very loose circuit wiring arrangement with inches 
of mutually common source wire will exaggerate this effect. 


Gate Voltage Propagation Effects 


Most power MOSFET applications need switch no faster 
than tenths of a microsecond, but should faster switching be 
required, this section will become important. It must be 
understood that the power MOSFET appears as a 
distributed network of many cells when used for very fast 
switching. 


The thousands of individual MOSFET cells are connected in 
parallel with highly conductive metal for the sources and 
drains. However, the gates are paralleled with a moderately 
conductive film of doped polysilicon. As a result, a very steep 
voltage wavefront applied to the gate pad will bias those 
cells close by, but a delay will occur for turn on or turn off. 
Because of the nonlinear “input capacitance” of each cell, 
the delay cannot be characterized by a pure number of so 
many nanoseconds. 


Presently, most manufacturers characterize typical switching 
speed for a single test condition. The test conditions are 
usually chosen to present the most favorable result, usually 
near the upper limit of usefulness. 


Figures 13(a), (b), and (c) show the increasing effect of gate 
voltage propagation. The gate waveform is the only one 
shown because the drain is not affected so drastically. This is 
true because some cells are overdriven, offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(c). 


FIGURE 13. CURVES SHOWING THE INCREASING EFFECT OF 
GATE VOLTAGE PROPAGATION 
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Gate-propagation effects may be reduced by the following 
design methods: 


1. Many gate runners. 

2. More conductive polysilicon. 

3. Silicide rather than polysilicon gates. 
4 


. Less cells (resulting in lower transconductance and higher 
Ron). 7 


5. Substantially different lateral and vertical structure. 
6. High-frequency packaging. 


None of the above methods will yield “breakthrough” devices 
unless used in combination. 


Any of the previous methods require trade-offs which would 
not be attractive to the needs of most components users. 
These trade-offs are in the realm of: 


1. Reduction of Ron per unit area. 

2. Decreased yield. 

3. Added cost (beyond the cost of yield impact). 

4. RFI, self-oscillation, and other problems characteristic of 
very fast devices. 
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POWER MOSFET SWITCHING WAVEFORMS: 
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The examination of power MOSFET voltage and current 
waveforms during switching transitions reveals that the 
device characterization now practiced by industry is inade- 
quate. In this Note, device waveforms are explained by con- 
sidering the interaction of a vertical JFET driven in cascode 
from a lateral MOSFET in combination with the interelec- 
trode capacitances. Particular attention is given to the drain- 
voltage waveform and its dual-slope nature. The three termi- 
nal capacitances now published by the industry are shown to 
be valid only for zero drain current. For cases where the gate 
drive is a voltage step generator with internal fixed resis- 
tance, the drain voltage characteristics are inferred from the 
gate current drive behavior and compared to observed 
waveforms. The nature of the “asymmetric switching times” 
is explained. 


A waveform family is proposed as a more descriptive and 
accurate method of characterization. This new format is a 
plot of drain voltage and gate voltage versus normalized 
time. A family of curves is presented for a constant load 
resistance with VOO varied. Gate drive during switching tran- 
sitions is a constant current with voltage compliance limits of 


0 and 10 volts. Time is normalized by the value of gate driv- 
ing current. The normalization shows excellent agreement 
with data over five orders of magnitude, and is bounded on 
one extreme by gate propagation effects and on the other by 
transition time self-heating (typically tens of nanoseconds to 
hundreds of microseconds). 


Device Models 


The keystone of an understanding of power. MOSFET 
switching performance is the realization that the active 
device is bimodal and must be described using a model that 
accounts for the dual nature. Buried in today’s power MOS- 
FET devices is the equivalent of a depletion layer JFET that 
contributes significantly to switching speed.Figurei is a 
cross-sectional view of a typical power MOSFET, with MOS- 
FET/JFET symbols superimposed on the structure. 


Figure 2 is obtained by taking the lateral MOS and vertical 
JFET from this conception and adding all the possible node- 
to-node capacitances. Computed values of the six capaci- 
tances for a typical device structure suggest that device 
behavior may be adequately modeled using only three 
Capacitors in the manner of Figure 3. This is the model to be 
employed for analysis and study 


Copyright © Harris Corporation 1992 
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FIGURE1. CROSS-SECTIONAL VIEW OF MOSFET SHOWING 
EQUIVALENT MOS TRANSISTOR AND JFET 
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FIGURE2. MOSTRANSISTOR WITH CASCODE-CONNECTED 
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Gate Drive: Constant Voltage Or Constant 
Current 


Before moving on to the study of the equivalent circuit states 
of the model, a gate-drive forcing function which is easy to 
represent, relates to reality, and. best illustrates device 
_ behavior must be chosen. The choice may be immediately 
narrowed to two: 


(1) An instantaneous step voltage with internal resistance R, 
Figure 4. 


(2) An instantaneous step current with infinite internal resis- 
tance, Figure 5. 


iGATE VOLTAGE 


STATES 


VOLTAGE —> 


i Iq = CONSTANT 


Vagsat 


TIME —> 
FIGURE 4. IDEALIZED POWER MOSFET WAVEFORMS 
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TURN OFF 
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RO 


i(t) 
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FIGURE 5. STEP-VOLTAGE FORCING FUNCTION 


Power MOSFET devices are highly capacitive in nature; 
hence, simple capacitor responses to the forcing functions 
offer a good vehicle for comparison. The advantageous 
choice is immediately obvious: Figure 5. Voltage/time 
responses dominated by capacitance are straight lines 
(when constant current is used). The slope of these lines is 


proportional to current and inversely proportional to capaci- 
tance. Analytically, then, constant current is most conve- 
nient. It is quite another matter, however, to build a 
bidirectional current drive that is accurate across the many 
decades of both current and time required to establish 
experimental verification. 


Six States | 
To completely characterize power MOSFET switching wave- 
forms, the six states that a device assumes, Figure 6, must 


be addressed: 
Stare [MOS [FET 
Ss 


Turn-off 4 Saturated Saturated 


*The term saturated is taken to mean a constant low-voltage 
drain-source condition. 


Ic ict) 
ir ele 


ee v(t) 
TURN ON 


a: 


TURN OFF t 
_ ov,.71ct 


i(t}=Ig T<t<2T 


=¢ 
i(t) = 1g O0<t<T 


‘Ig 


FIGURE 6. STEP CURRENT FORCING FUNCTION 


Equivalent Circuit 


The lumped-parameter model of Figure 3, with the cascode- 
connected JFET, can now be reduced to the linear equiva- 
lent circuit of Figure 7, and the six device states investigated 
from full off to full on. | : 


GATE ¢ 


ri 


Sms Vx 
XK yoo Vp 
> DRAIN 


9 SOURCE 


LEGEND 


- Gate Voltage Cps__|- Drain Source Capacitance 


- JFET Driving Voltage |g, —}|- MOSFET Transconductance 
Vp |- Drain Voltage Qmy |-JFET Transconductance 
Ces 


Not 

- Gate Source R, — |- Drain Load Resistance 
a a ee 
C, |- MOSFET Feedback - Constant Current Amplitude 
Bie 


FIGURE 7. POWER MOSFET EQUIVALENT CIRCUIT 
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State 1: MOS Off, JFET Off 


In a power-MOSFET device, no drain current will flow until the 
device gate threshold voltage, Vy, is reached. During this time, 
the gate current drive is only charging the gate source capaci 
tance. More accurately, Ig is charging Cig, (Cig, = Cag + Cap. 
Cps shorted), the capacitance designation published by the 
industry. 


The current generators, QqVg and GmyVx are open circuits for 
zero drain current, and R,_ is presumed to be so low as to repre- 
sent a short circuit (generally true for practical applications). This 
is academic however since Cg¢g is very much larger that Cg. The 
time to reach threshold, then, is simply: 
Ts Ciss Vr 
fe 


State 2: MOS Active, JFET Active 


This state graphically illustrates the dramatic influence that the 
JFET has on the power MOSFET drain-voltage wave- form. 
Instead of having to discharge C,, from Vpp to ground, the lateral 
MOSFET need only swing vy to ground, a much smaller voltage 
thanks to the grounded gate JFET. Since the interaction of R,_ 
with the device capacitances has a second-order effect on the 
drain voltage, the equivalent circuit of Figure 7 predicts a drain 
voltage change of: 


dycg/at = ImRIeCas + Cx(1 + Or/mj)] 

In all but the smallest power-MOSFET devices, C, is several 
thousand picofarads and 9,/Q,j is of the order of 3:1. Power- 
MOSFET devices exhibit a high dvp/dt switching rate because of 
the cascode-connected J FET, not because C,., (C;s, = Cgp) isa 
small value, as zero-drain-current data- sheet capacitance val- 
ues might lead one to believe. If C,,, were, in actuality, small, long 
drain voltage tails would not exist. The tail response is a direct 
result of JFET saturation. In order to delineate the transition from 
State 2 to state 3, a drain voltage at which the transition occurs 
must be defined. Vpx is the knee voltage at which linear extrapo- 
lations of drain-voltage slopes intersect. The time duration of 
state 2 is: 


t= (Vpp - Vox)[Ces + x(1 + n/m) V9mA Ie 
State 3: MOS Active, JFET Saturated 
When the JFET saturates, the g,,;V, Current generator becomes 
a short circuit and the equivalent circuit predicts: 
Gyp/dt = GmR_le/ICgs + Cx(1 + 9m) 
This is the Miller effect so often referred to in older texts that 
describe the behavior of grounded-cathode vacuum-tube ampli- 
fier circuits. Allowing for the fact that 1 +9,,R, is approximately 
equal to g,,R, and C,(1 + g,,R,) is very much larger than Ces, 
the expression for drain-voltage tail time is: 
t = (Vpx - VpIsat})C,/ig 
State 4: MOS Saturated, JFET Saturated (Turn-Off) 


In this state, in addition to g,,jV, being shorted, the g,Vg current 
generator is shorted, and Ig is occupied with charging C, and 
Ces, in parallel, from the peak value of Vg to Vg(sat). The time 
required for this is: 

t = (Vg - Ve(sat)(Ces + C,Vg 


Since a value for Cgg may be measured independently of switch- 


ing time, the method described is the simplest way of determin- 
ing C,. 


On turn-off, the state time equations are equally applicable, but in 
reverse order (states 5 and 6); see the idealized waveform of Fig- 
ure 4. 


Experimental Verification 


The four switching states just analyzed indicate that for a given 
device, all four switching state times are inversely proportional to 
the magnitude of the gate drive current. Figure 8 illustrates the 
switching performance of a typical power MOSFET across three 
decades of gate drive current and time. In each case the data 
slope is almost a perfect -1. 


A New Device Characterization 


Figure 8 could not be a reasonable device data sheet presenta- 
tion because it does not give the designer any information on a 
typical value for C,, nor does it convey how Vpx, Gm: Gm/Gmy, and 
Ve(sat) vary with drain current. What would be of enormous 
value to the designer is a plot of vp(t), V(t) for selected values of 
Vpp and Ip within device ratings. 


A reasonable characterization would be as follows: 


1. The x axis would be normalized in terms of gate current drive. 

2. The y axis would be normalized in terms of percent maximum rated 
Vp (0 to 100%). 

3. Ry = Vp(maxyp(max) would define the drain load resistance. 


4. Four plots of vp(t), Vg(t) at 100%, 75%, 50%, and 25% Vp(max) would 
be shown. 


RFM15N15 
Vop = 75V 
Ip =7.5A 
Ro =@Q 
Vq =10V 


(t) - MICROSECONDS 


DATA THEORY 
ty(OFF) 
t 


10 1000 
(Ig) - MILLIAMPERES 


FIGURE 8. CONSTANT GATE CURRENT SWITCHING TIME 


Figure 9 is such a plot for the RFM15N15 power MOSFET. 
With such a plot, a designer can estimate device switching 
performance under any resistive gate/drain conditions. 
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FIGURE 9. NORMALIZED RFM15N15 SWITCHING WAVE- 
FORMS FOR CANSTANT GATE-CURRENT DRIVE. 


Step-Voltage Gate Drive 


The majority of power MOSFET applications employ a step 
gate-voltage input with a finite source resistance Ro.Often 
Ro for turn-on is not the same as Ro for turn-off. How can 
switching times for these situations be estimated using the 
switching characterization curves just described? The analy- 


TABLE 1. 


t= 


zo z2auc- 


ao + ot Vasat) 


STATE 2: ACTIVE, ACTIVE 


Moo Yok Cast Ox + 9m/Imvl - VoK] [Cas + Cy (1 + On/Omy)] 
Ge 


STATE 3: ACTIVE, SATURATED 


(Vox - ae 


STATE 4: SATURATED, SATURATED 


[Vop - VoKI [Cas + Cy (1 + Gm/Imy)] 
ImA tle 


sis for resistive step voltage inputs, which is complex 
because the gate current is no longer constrained to be con- 
stant, but is a function of device gate-voltage response, is 
covered in Appendix A. (A second, shorter appendix, B, has 
been added to illustrate the estimation of RO for some practi- 
cal gate drive circuits.) Table | summarizes the common 
switching equations, and indicates the appropriate 1G to be 
used in each state for relating step voltage drives to the 
characterization curves. 


Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/RO 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table |, the 
observed differences between Figs. 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VU/RO equal- 
ling the constant 1G, t6(on), t, td(off), and t1 will all be 
longer, as predicted by the ratios of the gate drive currents of 
Table 1. Notice also that t, t1 switching symmetry is dis- 
rupted by the use of a step voltage with source resistance 
RO. For states 2 and 6 the time ratio is: 


COMMON SWITCHING EQUATIONS 


CONSTANT CURRENT STATE 1: MOS OFF, JFET OFF CONSTANT VOLTAGE 


[1 - aor 
Ig =(Va- | Ig=(Va-VVRo 


Ig =(Ve- | Ig=(Va-VesatRo | 


[ge VolRo 
t= Ro(Ces + Cx) IN (Ve/Vesat) 


Ig = (Vag - Vasat)/Ro 
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Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table |, the 
observed differences between Figs. 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current Ve/Ro equalling 
the constant Ig, ty(on), t, ty(off), and t, will all be longer, as 
predicted by the ratios of the gate drive currents of Table 1. 
Notice also that t, t; switching symmetry is disrupted by the 
use of a step voltage with source resistance Ro. For states 2 
and 6 the time ratio is: 


tturn-on s Vg(sat) 
tturn-off Ve Vr 
For states 3 and 5 the time ratio is: 
ttum-on 2 Vc (sat) 
tturn-ott V G" Va (sat) 


Utilization of available maximum gate drive voltage and cur- 
rent can be optimized for fastest power MOSFET switching 
speed through the use of constant-current gate drive at the 
expense of increased gate-drive circuit complexity. 


10 
RFM15N15 
Vpp = 75V 
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Vg =10V 
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Ca] 
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= 
°] 
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o 
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FIGURE 10. CONSTANT GATE VOLTAGE SWITCHING TIME 


Using The Characterization Curves, 
Figure 9 
To estimate the switching times for an RFM15N15 power 


MOSFET under the conditions Vg = 10V, Vpp = 75V, Ro = 
100 ohms, and R, = 10 ohms, precedes as follows: 


State 1: MOS Off, JFET Off 
This time can be estimated without recourse to the curves 


t=  100(1200 x 10°!) in [1/(1 - 4/10)] 
t= 61nNns 


State 2: MOS Active, JFET Active 


Ig= (10 - 4)/100 = 60mA 


curve divisions) x | 9 
t = CUGCINISONS) trie = = 150 ns 
60 60 
State 3: MOS Active, JFET Saturated 
Ig=  (10-7)/100 = 30mA 
curve divisi | 14 
= (curve divisions) x ly; ps : et eae 
30 30 


State 4: MOS Saturated, JFET Saturated 


Cgst+C, = (gate voltage slope)(test current) 
= (1.5.x 10%s/5 volts)(10mA) 
= 93000pF 
t=  100(3000 x 10°") in [10/6.6] 
t= 125ns 


State 5: MOS Active, JFET Saturated 


Ig=  6.6/100 = 66mA 
curve divisions) x I+ us 8 
es clekan lla = 121ns 
66 66 


Figure 11 shows RFM15N15 waveforms using the condi- 
tions specified in the example. 


7) 
a 
(eo) 
> 
wi 
< 
an RFM15Ni5 
S Vpp = 75 VOLTS 
2 R, = 10 OHMS 
z Vg=10 VOLTS 
= Ro = 100 OHMS 
0 1.5 3 
TIME - microseconds 
FIGURE 11. STEP GATE VOLTAGE INPUT TO AN RFM15N15 


CALCULATED | MEASURED 
STATE TIME TIME RATIO 


SS CS 
Ss 


1.02 
EER 
Ln 
eee oe fae «ifs 


For peak gate voltages other than 10 volts, and load resis- 
tances other than Vpgs/Ipirms). the equations of Table 1 may 
be used in conjunction with slope estimates from the charac- 
terization curves for C, and Cgsg + Cy(1 + ga/Gmy) at the 
appropriate drain-current level. 
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Characterization-Curve Limits 


The switching-time range over which the characterization can be 
applied is very impressive. For gate currents of the order of 
microamperes, device dissipation is the limiting factor. For gate 
currents of the order of amperes, the device response will be 
slowed by gate propagation delay. This delay, of course, 
degrades the linear switching relationship to gate current. How- 
ever, as Figure 12 graphically shows, the characterization is valid 
across five decades of gate current and switching time, allowing 
all but a very few switching applications to be described by the 
characterization curves of Figure 9. 


RFM15N15 
ta(OFF) x 
t; ) 


ts b 
tg(ON) + 


TIME(t) - microseconds 


FIGURE 12. FIVE DECADES OF LINEAR RESPONSE 


Conclusions 


The viability of the proposed characterization curves using con- 
stant current has been demonstrated and the limits of applica- 
tion defined. The existence of a vertical JFET in a power 
MOSFET makes data-sheet capacitances of little use for esti- 
mating switching times. The classical method of defining 
switching time by 10% and 90% is a poor representation for 
power MOSFETs because of the dual- slope nature of the drain 
waveforms. Switching influences are masked because the 10% 
level is controlled by one mechanism and the 90% level by 
another. Device comparisons based on the classical switching 
definition can be very misleading. 


Appendix A - Analysis For Resistive Step 
Voltage Inputs 


Step Voltage Gate Drive 


To obtain the necessary relationships, six device switching 
States must be examined using the same device equivalent 
circuit as was used for the constant-gate-current case, but 
with the forcing function replaced with a step voltage with 
internal resistance Ro, Figure A-1. : 


9 DRAIN 


© SOURCE 
LEGEND 
Gate Voltage Cps__|- Drain Source Capacitance 


< 


- JFET Driving Voltage |g, —_|- MOSFET Transconductance 
- Drain Voltage - JFET Transconductance 


@s|- Gate Source . _ |- Drain Load Resistance 
Capacitance 
x |- MOSFET Feedback — - Constant Current Amplitude 
Capacitance . 
FIGURE A-1. POWER MOSFET EQUIVALENT CIRCUIT 


State 1: Mos Off, JFet Off 


As before, both current generators are open circuits, reduc- 
ing the equivalent circuit to simply charging Cig, through Ro. 


< 


O 
Be) 


Q 


t=  RoCjggin(1/(1 - V7/Vg)] 
t= Va/Ro 


State 2: Mos Active, JFet Active 


Before proceeding, it is wise to examine an actual device 
response and make use of available simplifications. Figure A-2 
shows ig(t) and ip(t) for a typical power MOSFET driven by a 
step gate voltage. For truly resistive switching, realize that these 
waveforms are only mirror images of their voltage counterparts 
Vg(t) and vp(t). Using Figure A-2, applicable gate currents for 
each of the device states may be listed. 


CURRENT——> 


TIME—> 


FIGURE A-2. ig(t) AND ip(t) FOR A TYPICAL POWER MOSFET 
DRIVEN BY A STEP GATE VOLTAGE 


Turn-On 
State 1: MOS Off, JFET Off 
IpK1 = Ve/Ro 


State 2: MOS Active, JFET Active 
lpka = (Vg - Vr)/Ro 

State 3: MOS Active, JFET Saturated 
Ipkg3 = (Vg - Ve(sat))/Ro 
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Turn-Off 

State 4: MOS Saturated, JFET Saturated 

lpka = Ve/Ro 

State 5: MOS Active, JFET Saturated 

lpks = Ve(sat)/Ro 

State 6: MOS Active, JFET Active 

lee = Vag(sat)/Ro 
The equivalent circuit of Figure A-1 predicts that: 

dvp/dt = -gmRL(Vg - Vre 4" 11 
where T1 = RoCes + (1 + Gn/Oms)ROCS,, 
Note that g,,Ri (Vg - Vr) is usually an order of magnitude 
greater than Vpp, indicating that the drain voltage is discharging 
toward a very large negative value. The device operation, then, 
is on the early, almost linear, portion of the exponential, where 
eT! approximates unity. The drain current of Figure A-2, and 


hence the drain voltage, does indeed exhibit a linear decrease 
with time. 


Thus, for state 2: 


[Vo - Vo [Cas + Cx(1 + Gm/Gms)] 
OmAL !pKe 


t= 


where IpKo = (Ve . Vr)/Ro 
State 3: Mos Active, JFet Saturated 
Because of the Miller effect, the gate voltage and, hence, the 


gate current, is almost constant during the tail time. The 
equivalent circuit then predicts: 


dVp 
dt Cag t (1+ OmAG 
la = Ipxs = (Vg - Va(Sat))/Ro 
(Vox - Vp[sat])C, 


IpK3 


State 4: Mos Saturated, JFet Saturated (Turn-off) 

Both equivalent-circuit generators are short circuits, and the 
gate drive is discharging C, in parallel with Cgs through Ro. 
t = Ro(Cgs + C,) In[Vg/Ve(sat)] 

IpKa = Ve/Ro 

State 5: Mos Active, JFet Saturated 
The JFET current generator V,g,j, is operative. 


[Vox ~ Vp[sat])C, 


Ips 


and t= 


t= 


lpKs = Va(sat)/Ro 
State 6: Mos Active, JFet Active 
The Miller effect is now reduced by the activation of Vegnmy, 
and the equivalent circuit predicts: | 
[Vop - Vox [Cas + Ox(1 + On/Smy) 
OmA i !pake 


t= 


lpake = Vg(sat)/Ro 


Appendix B - Estimating Ro For Some 
Typical Gate-Drive Circuits 


Case 1: Typical Pulse-Generator Drive, Figure B-1 


Vpp 
CF SO Oe Se ae ’ R 
;  VGEN r 7 z 
' mn GEN; G 
é é 
] é 
t] ‘ 
‘ ‘ 
‘ Poe Soe hae é 
FIGURE B-1. TYPICAL PULSE-GENERATOR DRIVE CIRCUIT 


Turn-On and Turn-Off 
Ro = ReenRes/(Reen + Res) 


For the typical case where Reen = 50, and a coaxial-cable 
termination of 50 ohms, Ro = 252 and Ve = Veen. 


Case 2: Poca Gate Drive, Figure B-2 


FIGURE B-2. VOLTAGE-FOLLOWER GATE-DRIVE CIRCUIT 


Turn-On 


Ro is approximately equal to 1/g,, for Rg very much 
greater than 1/g,,. 


gm = transconductance of driving MOSFET transistor. 
Turn Off 
Ro =Rs 


Case 3: Common-Source Gate Drive, Figure B-3 

+ Re 

Rp | W\—2 Vop 
10V 


FIGURE B-3. COMMON-SOURCE GATE-DRIVE CIRCUIT 


APPLICATION 
NOTES 


Turn-On 


Ro = Rp (drain-to-ground capacitance of driving 
device adds to Ces of driven MOSFET.) 


Turn Off 
Ro = Rps(on) of driving MOSFET 


Rp is very much greater than Rps(on) 
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APPLICATIONS OF THE CA3228E SPEED CONTROL SYSTEM 


by W. Austin 


The CA3228E Speed Control System’ is a monolithic 


integrated circuit originally designed for automotive cruise 
control systems; its block diagram is shown in Figure 1. The 
completeness and self-contained nature of the circuit can be 
appreciated by examination of the typical automotive 
application shown in Figure 2. Both [@L logic and linear 
circuit design are combined to provide the primary functions, 
feature enhancements and safety backup necessary for a 
high-performance cruise control system. But its fully 
facilitated feedback system makes the CA3228E useful in a 
wider range of applications. The information provided in this 
Note will aid the user in applying the circuit to applications 
such as electric motor speed controls, engine speed 


RESUME 


ACCEL 


DRIVER COMMAND (3) 


COMMAND DELAY (4) 


OSCILLATOR (5) 


r3 


BRAKE INPUT (12) r3 


MINIMUM 


SPEED (8) 
SENSOR INPUT SPEED 


SENSOR 


F/V 
F/v out (9) CONVERTER 


F/V FILTER (10) 


ANALOG __ 

DIGITAL TO 
Vs (11) ANALOG 
CONVERTER 


Vm 


CURRENT 
SENSE 


v MEmoRY (6) 


CURRENT SENSE 


OVER SPEED RESUME CONTROL ae 
ee i a 
BRAKE =e 


controls, and rate controls for manufacturing systems. In 
fact, any powered system may be controlled with the 
CA3228E's accelerate or coast to a set speed adjustment 
and resume speed after braking (or safety stop) adjustment. 
Special features of the CA3228E include a single command 
line control and controlled PLL acceleration. 


Overview 


As shown in the detailed block diagram of the CA3228E in 
Figure 1, the primary function of the circuit interface to the 
logic control section is to provide a complement of capability 
in both linear and logic design. The command decode circuit 


° GROUND ® 


(23) OUTPUT GATE 


GATE 


| | VENT 


(21) VENT CONTROL 


| vac | 3) VACUUM CONTROL 


(9) CONTROL AMP. OUTPUT 
(20) CONTROL AMP. (+) 


(18) CONTROL AMP. (—) 


SI L-@ ACCELERATE RESISTOR 
ACCEL. 


RATE AMP 


(5) ACCELERATE CAPACITOR 


ALIGN ALIGN 


FIGURE 1. BLOCK DIAGRAM OF THE CA3228E SPEED CONTROL SYSTEM 


Copyright © Harris Corporation 1992 
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FIGURE 2. A TYPICAL APPLICATION OF THE CA3228E IN AN AUTOMOTIVE CRUISE CONTROL SYSTEM 


determines which of five possible commands will be sent to 
the control logic. The frequency-to-voltage converter (F/V) 
accepts changing frequency signals and converts them to 
their linear representation in DC voltage. 


An important feature of the circuit is a 9-bit A/D-D/A circuit, 
which stores a selected speed after the set/accel or coast 
command signal is sent to the command decoder. Within the 
constraints of speed-range and brake-sensing conditions, a 
mode switch activates an acceleration rate amplifier to main- 
tain a cruise condition or to control a manual acceleration 
override condition. Any detected errors are amplified and 
routed to the control amplifier, which drives the output 
switching circuits;abuilt-indeadband eliminates overlap in the 
activation of the servo controls. 


The A/D-D/A circuit consists of a 9-bit shift register which is 
clocked by an on-chip oscillator and current generators that 
sum the result of the stored bit information. The current is 
converted to voltage in a resistive load, and can be 
monitored at pin 6 as the Vy, of the IC. The Vj, output voltage 
is also sent to a memory update comparator where it is 
compared to the F/V output voltage, Vs. When a set/accel or 
coast command is finished and a return to idle is established 
(no switch contacts), the D/A clocks until Vi = Vs. The 
memory update comparator stops the clock when Vy = Vs, 
and the speed is stored in the bit register. 


The broader prospects for use of the CA3228E are apparent 
if one considers all the electromechanical system possibilities 
that are adaptable. Some of these possibilities are: 


¢ Automotive cruise control 
¢ AC or DC motor speed control 
¢ Master/slave engine or motor speed controls 


e Manufacturing conveyor rate control (with safety/overload 
cutout) 


¢ Oscillator frequency reset 

e Wire/ribbon processing rate control 
¢ Air or fluid rate movement control 

¢ Air or fluid temperature control 


The characterization of the F/V converter circuit given below 
shows the many features of the CA3228E that permit a 
flexible interface between it and a variety of sensor 
conditions. Because of the many combinations of user input/ 
output conditions that may be used for control, it is important 
to note that a single control wire provides the input for the 
five major commands (nonmetallic chassis requires a 
ground wire). This feature provides a cost savings along with 
design flexibility. 
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Command and Control Functions 


The speed control functions and their descriptions are listed 
in the following table. (An asterisk following a control function 
denotes momentary switch closure.) 


CONTROL FUNCTION . 


OFF* Deactivates the device logic and erases memory. 
V350.094Veo . 


Activates device logic and initiates a standby 
mode, V3 2 1.1 Voc or +100pA followed by V, = 
SET/ACCEL 
COAST 


0.95 Voc (open switches). 
RESUME* 


Momentary switch closure sets the current speed 
in memory. Acceleration continues at a constant 
rate when the switch is held closed. V3 = 0.54 
Voec: Vs must be greater than 1.5 V, the minimum 
speed lockout (MSLT), discussed below, which is 
approximately 25mph in the system of Figure 2. 


Momentary switch closure sets the current speed 
in memory. When the switch is held closed, the 
servo disengages, causing the vehicle to slow- 
down. When the switch is released, the new 
speed is stored. During switch contact, V3 = 0.21 
Vee: 


Resumes a cruise condition if the speed is great- 
er than MSLT, a speed has been stored after an 
on command, and the brake or redundant brake 
have not been activated. If the speed is greater 
than the stored memory speed, the coast function 
will continue until Vg = Vy. V3 = 0.76 Voc. 


Other control functions that directly affect the operating mode of 
command setting are: 


At approximately 0.55 Voc or more, the brake in- 
put, Vj, will place the system in standby, but a 
stored memory speed will be retained. A resume 
command will return the vehicle to cruise and the 
previous speed condition. 


CLUTCH Same input as brake (for manual transmission). 
DISABLE - . 


MSLT Minimum Speed Lockout is a low-speed inhibit. 
(Minimum This is an internal function that samples the F/V 
Speed converter output Vs. For Vs approximately equal 


Lockout) to 0.183 Vee or less, the set/accel, coast, and 
resume commands cannot be set. In the typical 
automotive application of Figure 2, MSLT is 


25mph. 


If the error amplifier output voltage V,,_ drops 
below 0.42 Vcc, an internal comparator causes 
the system to go into the standby mode. This 
action assures that an excessive error in the 
servo loop will not cause an unsafe condition by 
providing an error speed dropout. In the 
application of Figure 2, the error speed is 
approximately 11mph. 


REDUNDANT 
BRAKE 


COMMAND 
DELAY 


To provide immunity to noise and short duration 
pulses, the set/accel, coast, and on and off switch 
input hold times are delay controlled to 50ms by 
a 0.68mF capacitor at pin 4. For each command, 
a current charge delay is used to counteract 
switch bounce and to enhance noise immunity. A 
delay of 330ms is used for the resume command. 


In addition to the braking and command delay safety 
features, a gate enable output is available at pin 23. The 
output at this pin remains low during normal operation of the 
accel, coast and cruise modes; however, it goes high for the 
brake, redundant brake, and low speed lockout (MSLT) 
commands, and during the high speed dropout condition of 
the resume mode. The normal applied circuit use of this 
feature is shown in Figure 2, where a low on the gate output 
at pin 23 permits the vent and vacuum drivers for the 
solenoid actuators to conduct through a saturated transistor 
common to the emitter of each driver. Should either the 
vacuum or vent driver transistor fail, the gate transistor would 
act as a safety backup, since it would be cut off and thereby 


mandate a standby condition. 


Command Decoder Input Circuit 


The command decoder input circuit is shown in Figure 3. 
Driver commands and their ranges of control are shown in 
Figure 4. Initially, the logic must be activated to an on and 
active standby state. This is done by setting the input emitter 
of 038 at pin 3 to a higher voltage level than the Voc supply 
line in the IC. The current should be safely limited by using a 
10kQ resistor in series with pin 3. A current of 100A is more 
than sufficient to cause Qg3g to conduct current to Q37, the 
transistor switch that activates the on state condition. A bias 
divider at pin 3 (shown in Figure 2) of 560Q and 10kQ 
establishes the command idle position after each 
momentary switch closure is completed. 


When switch contact is made and the pin 3 bias levels are 
properly set, four comparators select the resume, accel, 
coast and off driver commands. An internal resistive divider 
is used to bias one input of each comparator, while the other 
input is biased from pin 3. As shown for the off comparator, 
in which Iy9 and Ip, interface to the IFL logic, each of the 
comparators drives the [7L logic through switching transistor 
gates. The logic section of the IC determines all further 
control requirements from the state of the four comparators. 


The control switching time is affected by the command delay 
circuit associated with pin 4 (Figure 1) and the charging time 
of the 0.68mF capacitor at pin 4. The 0.68uF capacitor sets 
command delays of 50ms, except for the resume command 
which is 330us. The delay time is determined from two 
states of constant current drive to pin 3. Longer or shorter 
times may be set by changing the value of the pin 4 capaci- 
tor, but the ratio of other command delays to resume will 
remain the same. To calculate the capacitor value needed to 
change the time delay to the one desired, use the following 
equation: 


V=lvCorC =It/V 


where V is voltage, | is current, C is capacitance, and t is 
time. Since V and | remain fixed, equation matching yields: 


C1/C2 = ti/t2 
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FIGURE 3. DRIVER COMMAND INPUT COMPARATOR CIRCUIT AND LOGIC OUTPUT TO COMMAND DECODE 
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FIGURE 4. DRIVER COMMANDS AND THEIR RANGES OF 
CONTROL 


Frequency-to-Voltage (F/V) Converter 
Operation 


The schematic of Figure 5 shows the circuit of the F/V 
converter portion of the CA3228E. The input at pin 8 is 


normally the speed input from a speed sensor of the moving 
system. In normal use of the operating system, a frequency 
is applied at pin 8, which is a scale multiplier of the 
controlled system speed. For the circuit of Figure 2, the 
scale is 2.22Hz/mph and, with the components shown 
biasing the F/V converter, the conversion gain from pin 8 to 
pin 10 is typically 27mV/Hz. Under these conditions, the 
system performance parameters of the data sheet apply, 
including a normal speed-control range of 62 to 222Hz. In 
calibrating a normal range of F/V control for the Vs (pin 10) 
output, the frequency range in terms of voltage becomes 
1.67 to 6V. Typical voltage range values of 1.5V minimum to 
6.8V maximum are possible at the Vs output. 


Figure 6 demonstrates the flexibility and range of design 
capability of the converter function by showing converter 
range possibilities for various values of C8 and C9; the 
capacitors are selected to accommodate a given range of 
input frequencies. The capacitor at pin 8 is chosen primarily 
as a filter to provide good noise immunity. Resistor Rg and 
capacitor C8 provide both DC and AC overvoltage protec- 
tion. The normal range of sensor input voltage is 3.5 Vpp 
minimum to 15 Vpp maximum. 


As indicated by the capacitance versus frequency plot of 
Figure 6, the range of input frequencies may be changed; 
however, the minimum to maximum frequency ratio will 
always remain approximately the same. As an example, 
assume that it is desired to center the range of input 
frequencies at approximately 1000Hz. At this frequency, C9 
should be approximately 0.005uF and C8 approximately 
0.01,F. For these values, the minimum frequency at a Vg of 
1.5V is 500Hz; the maximum frequency at a Vg of 6.8V is 
2400Hz. 
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100K 1M 


It is possible to extend the frequency range of the F/V con- 
verter to frequencies as low as 10Hz and as high as 500kHz. 
However, the loop stability of the lower frequencies may be 
difficult to control. Higher values become very dependent on 


stray capacitance, causing some loss of output linearity 
where the internal circuit becomes bandwidth limited. 


Input signal requirements at pin 8 are characterized by the 
voltage versus current characteristic of Figure 7. While the 
VI curve may appear to be complex, the drive requirement is 
explained simply by noting that the pin 8 input shown in Fig- 
ure 5 is made through a 2.8kQ resistor to the emitters of an 
n-p-n and a p-n-p transistor. When the signal input voltage 
polarity goes negative, Qo, conducts and changes the state 
of a latched current mirror (Qy92, Qyo93, and Qyo4). The 
changing mode of the current source reflects back to the 
base of the input n-p-n transistor Qgg, changing the DC level 
at pin 8. This change of state occurs when pin 8 is slightly 
negative (approximately 1 Vee). The abrupt change to a pos- 
itive voltage of approximately 2 Ve¢ is normal. 


The requirements of this change of state have some influ- 
ence on the design of the source input drive to pin 8. For the 
F/V converter input stage to switch properly, a current source 
drive such as an inductive pickup device ora transformer 
coupled signal source is preferred. In any case, it is impor- 
tant to note that the signal should swing negative to fully acti- 
vate the change of state. It is also preferred that the input 
signal be nearly centered with respect to the voltage zero 
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crossing. The external series 8.2kQ resistor at pin 8 must be 
used to limit peak currents, particularly when inductive 
pickup sensors are used. Inductively coupled circuits may 
produce transient pulses if any intermittent condition exists. 
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FIGURE 7. F/V CONVERTER INPUT CHARACTERISTIC PIN 8 
VOLTAGE vs. CURRENT 


As shown in the functional diagram of Figure 8, the second 
stage of the F/V converter is a pair of current generators that 
are used to produce both positive and negative ramp slopes 
when driven by the square-wave signal from the output of 
the first stage (at the collector of Q49,). The capacitor at pin 
9 is charged and discharged by the fixed current sources 
which develop a truncated ramp signal of approximately 4 
Vpp, Figure 9. The ramping signal is applied to a window 
comparator with reference points of 0.482 Voc at the emitter 
of Qy43 and 0.012Vcc at the base of Qygs5 (see Figure 5). 
When the ramp is in the transition range between these volt- 
age levels, a high output pulse (from an equivalent 2 input 
NAND gate) drives the base of Q;,;. The comparator levels 
are determined from a resistor divider: Rg, Rea, and Reg. 
The peak signal level is approximately 4V, while the mini- 
mum signal swing is nearly at ground level. The pulse width 
provided at the collector of Q,,, is a function of the ramp 
transition time. 


CURRENT 
+ SOURCE 


; VTHD-HIGH 
=) (0.482Vcc) 
21 : 


VTHD-LOW 
0.047, F aw (0.012Vec) 


FIGURE 8. F/V CONVERTER COMPARATOR STAGE 


Since a pulse of fixed width is generated on each positive 
and negative transition of the input signal at pin 8, it remains 
to integrate the pulses to produce a DC voltage proportional 
to the input frequency. The integration is accomplished in the 


RC filter circuit of pin 10. Diode Qy4. rectifies the current- 
driven pulses developed at the collector of Q4,;. 


Another important characteristic of the F/V converter is the 
absence of pulses from Q,,, when no signal is present at 
pin 8. Diode Q,,. remains reversed biased by any positive 
DC voltage applied to pin 10. Therefore, it is also possible to 
use a DC voltage signal input at pin 10 to directly control the 
servo feedback system. In many PLL control systems, a DC 
voltage signal is easily generated from position indicators. In 
the CA3228E, this capability provides the user with an alter- 
native to some of the restrictions that apply to the use of the 
F/V converter, restrictions that may require frequency divid- 
ing to accommodate the desired frequency range and band- 
width limitations on the chip. 


PIN 9-Vo 
RAMP CHARGE AND 
DISCHARGE PULSES 


ot e ine ING Oho 
CURRENT CHARGE 
PULSES TO CAPACITOR 


AT PIN 10 


FIGURE 9. PIN 9 F/V OUTPUT AND F/V FILTER SIGNAL AT PIN 10 


The range of the applied signal at pin 10 should be approxi- 
mately 2V to 6V. The input impedance at pin 10 is quite high 
due to the source follower stage that follows the pin 10 input 
and drives Pin 11 plus the Vs’ output to the A/D converter and 
mode switch circuits. Pin 11 is a sample test point for the F/V 
converter output, Vs. The Vs, signal is separately buffered 
and output to the A/D converter and mode switch circuits. 


To provide a stable temperature characteristic for the F/V 
converter voltage, external control of the current-source gen- 
erator has been provided. In the CA3228E, pin 7, Figure 10, 
represents a temperature-stable external sensitivity control 
point for the F/V converter output voltage Vs. The 43kQ tem- 
perature-stable metal-film resistor used to bias pin 7 drives 
the F/V converter current sources. The current drive gener- 
ated in the emitter of Qgo by this resistor provides a mirror- 
current bias to the F/V converter current-ramp circuits. 


A/D Converter and Memory Update 
Comparator 


The signal V,', derived from the F/V converter output, Figure 
5, and the D/A converter signal, Vy, are internally fed to the 
memory-update comparator circuit of Figure 11. The Vy sig- 
nal may be monitored at pin 6. As noted in Figure 5, the Vg’ 
signal is also fed to pin 11 through a buffer amplifier. The sig- 
nal at pin 11 is the F/V converter output, Vs, and has a close 
tracking relation to Vs, when pin 11 is biased with a 10kQ 
resistor to ground. In Figure 11, the Vy and Vs’ signals drive 
buffer amplifiers Qo7, and Qo77, respectively. From Qo74 and 
Qoy7; the Vs’ signal is sent to the error amplifier, overspeed 
detector and mode switch. The Vy signal is sent to the mode 
switch via Qo75 and Qagg. The Vs’ mode switch input (Figure 
13) is at Qo3; and the Vy input is at Qo39. Transistors Qogg 
and Qo7, also drive Qogg and Qo7o, the memory update com- 
parator input transistors. 
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FIGURE 11. V,’ AND V,, BUFFERS WITH MEMORY UPDATE COMPARATOR AND MINIMUM SPEED LOCKOUT COMPARATOR (MSLT) 
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The block diagram of Figure 12 provides a broader 
perspective on the total operation of the D/A converter and 
stored memory operation by showing the signal flow by 
function. In Figure 12, the voltage developed by the F/V 
converter is Vg at the pin 11 monitor output, and is labeled 
as Vs, at the internal input to the memory update 
comparator. When, at a chosen speed, the accel/set or coast 
switch is depressed and then released, the command logic 
clears the register and initiates clocking in the ripple counter. 
Clocking continues and successively increases the D/A 
converter current output in increasing stair step increments 
until the Vi, voltage resulting from the product of the current 
and the Rag resistor value is equal to Vg’. 


TO ACCEL. RATE & 
} ERROR AMP. 
> 
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9 BIT RIPPLE 

of 73 |}-—— 
OEE osc 
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Vu 
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—— 
15K D/A CONV. 
R33 


FIGURE 12. MEMORY UPDATE COMPARATOR WITH MEMORY 
AND D/A CIRCUITS 


When Vy = Vs’, the memory update comparator changes 
state and sends a signal through output I,4; to the logic 
circuit to stop the clocking of the 9-bit ripple counter. The 
stored bits in the ripple counter continue to bias the D/A 
converter to produce the memory set Vi, speed reference. 
Anyfurther changes in Vs, are compared to the Vy output of 
the D/A converter, which then provides the error signal for 
the servo control. (Refer to the Command and Control 
Functions section of this Note, above, for complete details of 
the command inputs that affect the stored speed setting.) 


The circuit of Figure 10 shows a portion of the 9-bit ripple 
counter and the D/A circuit driven by the counter. Each cell 
of the 9-bit counter has a Qx output that drives its respective 
2* divided current source. When the counter is active, the 
summed outputs of the D/A converter driven current genera- 
tors are present on the Vx line and at pin 6. 


Mode Switch and Acceleration Control 


The mode switch of Figure 13 is that portion of the CA3228E 
whose inputs for Vs’ and Vy are Qo3; and Qo30, and whose 
output is through pin 15. Logic commands control the mode 
switch by controlling Qoy4g, switch A; Qo37, switch B; and 
Qss9, switch D. When switch A is activated, Qo4g is off, which 
allows Qo30, Qo540; Qoa4ts and Qo45 to conduct the Vu signal 
to pin 15 and the base of Qy.5,. Similarly, Vs’ is conducted to 
pin 15 via Qo3;, Qo33, Qo34 and Qo44 when switch B (Qo37 
off) is activated. 


In the accel mode, switch D is open, allowing the accelera- 
tion-rate amplifier to dictate a controlled rate of acceleration. 
A switch D open corresponds to an active high signal from 
lyo0, Which causes Qysq to conduct, and which, in turn, 
Causes Qo43 to conduct. The Qo,43 output to Qo4o is then at 
an emitter-base saturation level and Qo, is cut off, which 
prevents Qo44 and Qo4s from conducting Vs, or Vy to pin 15 
and Qos}. 


Switch D is also open during resume ramp conditions. Note 
that Vs, and Vy are in tracking modes when Qoyso is open 
and Qo,4o is conducting. The Vy tracking mode is the closed- 
loop cruise mode. The Vs, tracking mode applies to condi- 
tions other than cruise, accelerate, and resume. In the Vs’ or 
Vu tracking modes, Qo35 or Qo4g Supplies current to the 
base of Qo4o. The Qo4o collector output supplies the current 
that charges the capacitor at pin 15. 


The acceleration-rate amplifier controls a fixed rate of accel- 
eration by providing an internal charging voltage and an 
external RC time constant at pins 14 and 15. When the 
acceleration circuit is active, Q,35 is off and current source 
0261 conducts current through Qogg. Current-mirror circuits 
also control current through Ry39 and produce a fixed volt- 
age offset in the signal path from pin 14 through Qog¢6, R439, 
and Qo¢3. In the active accelerate mode, an offset voltage is 
present at the bases of Qo., (pin 15) and Qogs7. The offset 
signal that is present at the base of Qos57 is also the output of 
the acceleration rate unity gain source follower amplifier. The 
voltage generated across resistor Ry30 is approximately 
0.45V, and is the charging voltage for the external resistor 
and capacitor. The typical values of the external R and C are 
2.4mQ and 2.2mF. Since the acceleration voltage that 
charges the external circuit is constant, linear approxima- 
tions to the rate of change may be used. Using the equation: 


V=lt/C 
Vit = /C = 0.45/RC 


Since V in the equations represents a fixed velocity-error 
voltage, V/t = 0.45/RC represents a fixed rate of accelera- 
tion. It is therefore possible to change the acceleration rate 
by adjusting the RC values. The desired rate of acceleration 
is based on system factors associated with the servo feed- 
back loop. The values shown in this Note are for a typical 
automotive application. Since very low currents are used, 
the capacitor must also have a low leakage. For the condi- 
tions shown in Figure 2, charging current is 0.188,1A. 
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FIGURE 13. MODE SWITCH AND ACCELERATION-RATE AMPLIFIER CIRCUIT 
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Error Amplifier 


The output signal of the acceleration rate amplifier is fed to the 
error amplifier, the overspeed detector, and the resume com- 
parator. Under normal cruise conditions, the error amplifier 
continues to correct speed errors when Vz’ deviates from Vij. 


The error amplifier, Figure 14, is a part of the signal flow path 
of the feedback loop. The amplifier has an internal differen- 
tial input and an output at pin 16. When the system is in a 
Vs’ tracking mode, Vs’ is present at both inputs. When the 
system is in a Vy tracking mode, the error signal is present 
at pin 16. The output signal of the error amplifier is externally 
coupled to the control amplifier at pin 18. Internally, the error 
amplifier output is fed to the redundant brake comparator. 
The error amplifier serves the error summing function of the 
servo loop and, as such, is a unity gain source follower. 


The bias “align” function circuit is shown with the error ampli- 
fier circuit in Figure 14. The output at pin 17 is 0.5 Voc and 
may be used for bias and setup. Current drain at pin 17 
should not exceed 1mA. 


Control Amplifier 


The control amplifier shown in Figure 15 receives the sig- 
nal from the error amplifier output at pin 16. Pin 18 is the 
negative input with respect to the control-amplifier output at 


12K [oy 


SOLENO!I VENT 
RIVER CONTROL 


SOLENOID 
DRIVER 


VACUUM 
CONTROL 


pin 19, and pin 20 is the positive input with respect to the 
same output. The control amplifier may be regarded as a 
normal op amp whose gain is controlled with extemal feed- 
back. However, the output signal is also internally coupled 
to the output vent, vacuum, and gate driver circuits. The 
open-loop gain, Ap,, of the control amplifier is typically 800. 
Figure 16 shows the control-amplifier bias configuration 
with pin 20 connected to an external divider at approximately 
0.5Vcc and a variable feedback to pin 18. In the normal input 
circuit for pin 18, as noted in Figure 2, Ryg and Ryg are typ- 
ically 10kQ and 1MQ, respectively. 


Because the vent and vacuum driver amplifiers have a gain 
dependent controlled deadband, the feedback versus gain 
characteristic of the control amplifier is as shown in the 
curve of Figure 16. The curve follows the classic feedback 
gain equation and is approximately equal to Ry9/Ry¢ for 
ratios less than 50. However, the approximation is less accu- 
rate for ratios in the 100 range where the error is 15%. The 
feedback versus gain characteristic of the application circuit 
of Figure 2 is typically centered at a ratio of 100. Figure 17 
shows the deadband of the output vent and vacuum amplifi- 
ers as a function of the Rj0/R,., ratio; the output drive circuits 
are discussed in further detail in the following. 
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FIGURE 15. CONTROL AMPLIFIER AND OUTPUT DRIVERS 
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FIGURE 16. CA3228E FEEDBACK RATIO VERSUS CONTROL 
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Output Drive Circuits 


The nomenclature of the output-drive circuits has been cho- 
sen to represent a normal vacuum-controlled actuator. Vac- 
uum control of the actuator is intended to provide 
acceleration while vent control provides a relaxation or coast 
function. The output-drive circuits consist of amplifier drivers 
for the vent, vac (vacuum), and gate-output terminals at pins 
21,22, and 23, respectively, as shown in Figure 15. 


A single input from the control amplifier controls the vacuum 
and vent outputs. The signal is passed through Rg1, a 30kQ 
resistor, and the base of Q,7, to a differential amplifier that 
controls the vacuum output. The base of Qy7, is also com- 
mon to the base of Qy¢,¢, which is thedifferential-amplifierin- 
putthat controls the vent output. The differential amplifiers for 


the vacuum and vent functions have reference inputs tied to © 


a resistor divider composed of Rg7, Reg, and Reg. 


The tap ratio for the Q;g, input (comparator reference for the 
vacuum output) is at 57%. The tap ratio for the Qyg7 input 
(comparator reference for the vent output) is at 43%. When 
the control amplifier input is less than 0.43 Vcc, both vac- 
uum and vent drivers are switched low or remain in a satu- 
rated on state. They remain on as long as the divider tap 
voltages are higher than the control amplifier input voltage. 
This situation defines a relaxed servo or coast mode. 


When the control amplifier input voltage exceeds the 0.43 
Vcc tap level, the Qj¢, differential input voltage forces the 
base of Q,g¢q and the collector of Q,,, at the vent out put to 
switch high. While the vent output is high and the vacuum 
output low, the system is in the deadband, which is the nor- 
mal cruise mode. However, as the control-amplifier input 
voltage is further increased to the 0.57 Vcc tap level, both 
the vent and the vacuum outputs are switched high. The vac- 
uum output switches to the high state when the base input of 
0171 exceeds the 57% tap reference for 0168 and causes 
0159 to switch off. When both the vent and vacuum outputs 
are high, the system is in a state of acceleration. As noted 
on Figure 2, the state of each mode is dependent on the 
external normally open (N.C.) and normally closed (N.C.) 
solenoid polarities. 


The above action assumes that the gate output is low, permitting 
the extemal drive circuits of Figure 2 to function normally. The 
gate output remains low for acceleration, cruise, and coast func- 
tions. For brake, redundant brake, overspeed and minimum 
speed conditions, the gate output is high, which prevents accel- 
eration and forces the system into a noncontrolling state. The 
gate output is forced high, and the vacuum and vent outputs low, 
by an internal logic switch, I,93, that disables the output drivers. 


The deadband of the output drive circuit is fixed by resistor 
ratio, but can be controlled through the gain of the control 
amplifier. It should be noted that measurement of the dead- 
band or tap ratio points requires forcing of the drive voltage to 
the control amplifier and measuring of the voltage at pin 19 
when the vacuum and vent outputs change state. The circuit 
of Figure 2 was used to generate the curve in Figure 17, 
which shows the variation of the deadband range when the 
gain of the control amplifier is changed by changing external 
feedback. The deadband range is shown in Figure 17 ina mV 
spread as a Vs reading at pin 11. As the control amplifier gain 
is made to approach unity, the deadband approaches the 
actual tap voltage separation of 1.19V when Voc equals 8.2V. 
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Redundant Brake 


When the speed-control system is in the cruise mode, the redun- 
dant brake comparator (shown in Figure 18) may become active 
if significant error voltage develops at the output of the error 
amplifier. Specifically, if loading or braking is causing the speed of 
the system to be reduced, the redundant brake comparator 
senses that the speed is falling off. When the error developed 
reaches a difference speed of 11mph, the redundant brake com- 
parator switches logic gate I,3,, which causes the system to go 
to the standby mode. More generally, when the voltage at pin 16 
drops below 42% of the Vcc supply voltage, |l,3¢ switches state. 
There is an additional output from the redundant brake through 
l435; this output remains high during cruise and acceleration 
modes. 1,3. inhibits the acceleration rate amplifier by controlling 
the E switch. (Also see Figure 11.) 
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The conditions that determine the operation of the brake and 
redundant brake can be determined from the acceleration 
and sensitivity factors discussed above. The sensitivity of the 
F/V converter is approximately 27mV/Hz. For the system of 
Figure 2, the system magnetic speed sensor ratio is 2.22H2/ 
mph. Multiplication of these factors yields a ratio of 59.94mV/ 
mph. Dividing this ratio into the 450mV offset designed into 
the acceleration rate amplifier provides a result of 7.5mph. 
Comparison of this result to the 11mph error allowed before 
the redundant brake becomes effective indicates that there 
is a wide enough safety margin to prevent redundant braking 
during acceleration. 


A special feature of the CA3228E prevents extraneous noise 
from switching the redundant brake output and causing the 
system to go into standby. This feature is provided by a 4-bit 
shift register that is used as a digital filter to clock all four out- 
puts of the shift register to 1's before a 4-input AND gate can 
switch the logic to standby. 


Brake Input Comparator 


The brake input comparator, also shown in Figure 18, is a 
comparator amplifier driving an inverter logic gate (1142). 
When the brake input is greater than 0.55 Voc, as deter- 
mined by the resistor divider composed of R77 of 20kQ and 
Ras of 24.5kQ, the I,4 gate output changes state. The’ brake 
input is normally connected through a current limiting resis- 
tor to the brake switch, and is in parallel with the brake light. 
The change of state at the output of the brake input compar- 
ator drives the command decoder which places the system 
in standby. 
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Minimum Speed Lockout 


The minimum speed lockout (MSLT) comparator shown in 
Figure 11 senses the speed voltage Vs, and compares it to 
the output of a fixed resistor divider. When Vz’ drops to less 
than 1.5V, the comparatorswitches, which sends a signal to 
the control logic that places the system in standby. If Vg’ is 
initially less than 1.5V, the system cannot be set in the cruise 
mode. Thedivider ratio of 0.183V¢¢ is approximately 1.5 V 
for a normal Vcc of 8.2V. For a speed sensitivity factor of 
59.94mV/mph, 1.5V is equivalent to 25mph. 


Overspeed Detector and Resume 
Comparator 


The associated functions of over speed detector and resume 
comparator are shown in Figure 19. From the normal condi- 
tion, where a speed is set in memory and cruise is being 
maintained, it may be desired to increase speed and then 
return to the cruise mode. If the range of speed increase is 
large, it is best not to use the accel mode but to manually 
accelerate to the higher speed and then press the set/accel 
switch. An over speed detector comparator compares Vo’ 
and Vy and controls the logic to assure a smooth transition. 


During acceleration, Vs’ is greater than Vy. When the set/ 
accel command is given, the logic turns on 0250 (Figure 13) 
and the capacitor at pin 15 is rapidly charged. When the volt- 
age at pin 15 is within 6OmV of Vg’, the over speed detector 
output is switched low. At that point, further Vs’ correction is 
assumed by the acceleration-rate amplifier under fixed-rate 


~ conditions. The overspeed detector maintains the 6O0mvV off- 


1142 


i 


MD LOGIC (TO STANDBY CONTROL) 


ON/OFF 


I13 


FIGURE 18. BRAKE AND REDUNDANT BRAKE 
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set along with a sufficient amount of hysteresis to assure 
noise immunity. When cruise conditions have been disrupted 
by braking action, and it is desired to return to cruise, the 
driver presses the switch for resume. The resume compara- 
tor samples Vs’ and Vy and determines the fixed accelera- 
tion required for return to the speed previously stored in 
memory. An internal filter is used at the output of the com- 
parator to prevent noise from resetting the comparator 
before Vs’ reaches Vy. : 


Oscillator (Clock) Circuit 


The circuit of Figure 20 shows the RC oscillator circuit used 
for internal clocking of the 9-bit ripple counter and the 4-bit 
counter that serves as a digital filter for the redundant brake. 
Various other elements of the command logic require oscilla- 
tor control for the toggling of flip-flops. The oscillator fre- 
quency is an independent internal function on the chip, and 
has no relation to the frequency of the F/V converter input. A 
single capacitor at pin 5 determines the oscillator frequency. 
However, the fixed current source noted as Vps also has an 
effect. The Vgs current source is derived from the same bias 
line that controls the F/V converter current sense drive from 
a 43kQ resistor at pin 7. While the oscillator frequency may 
be changed by adjusting the resistor at pin 7, this adjustment 
will also change the F/V converter sensitivity. Since the volt- 
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age bias at pin 7 is approximately 5.5V, Qy39 and Q;3, are 
driven by 128mA through Qo, in the F/V converter (see Fig- 
ure 5). The base bias line for Q;3,; is Vgs, and is mirror con- 
nected to Qg, and Qgg in the oscillator. A charge current of 
128mA goes to the 0.001mF capacitor at pin 5 from p-n-p 
transistor Qgs. A 4x current mirror n-p-n transistor, Qge., dis- 
charges current at 512mA from the capacitor at pin 5. The 
resistor divider at the base of Qg, switches between 4.1V 
and 6.1V as I,44 and Qgs are toggled on and off in the return 
feedback loop. With a charge current of 128mA and a dis- 
charge current of 512mA and using the equation: 


t= VC/I 


the clocking time, t, (and hence oscillator frequency) can be cal- 
culated using the 2V change for V, a 0.001imF capacitor value 
for C, and the charge and discharge currents for |. The result is 
15.6 plus 3.9us or a frequency of approximately 51kHz. 


Operation and Performance 


Table 1 defines the voltage values for the pins of the 
CA3228E IC. The annotations cover pins where conditions 
may be expected to vary. For further detail on the functions 
of the Vy and Vs voltages at pins 6 and 11, respectively, 
refer to the CA3228E data sheet.' 


Vcc 


FIGURE 19. OVERSPEED DETECTOR AND RESUME COMPARATOR 
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TABLE 1. NORMAL CRUISE-MODE PIN VOLTAGES FOR THE CA3228E* 


VOLTAGE 


Ground 
7.76V (idle) 


5.2 Voc, Vac sawtooth 4.1 to 6.1V 


AV peak AC signal 


OV to 6.5V, speed dependent, equal to V, in cruise 
mode 


Same as Vio 


0.01V with brake switch open 


"Voc = 8.2V, speed set at 6Omph (Ve, = 3.6V) 
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FIGURE 20. OSCILLATOR CIRCUIT USED FOR INTERNAL D/A CLOCK DRIVE 
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Note that the D/A converter cannot be set at low speeds and 
will remain at or near OV until the frequency at pin 8 is near 
50Hz (for the conditions of Figure 2). Dynamic signals are 
present at pins 5, 8, and 9. Speed dependent voltages are 
present at pins 6, 10, and 11. Error dependent signals have 
a notable effect on control amplifier output at pin 6 and the 
driver output pins 21 and 22. The command input at pin 3, 
the brake input at pin 12, and the gate output at pin 23 are 
mode dependent. The table does not reflect all of these 
changes since the conditions are noted only for a normal 
cruise setup at approximately GOmph. Again, the data sheet 
has further details on the various mode and state changes. 


It is important to remember that the mode inputs are 
momentary touch switches except for the hold .down 
condition of the accel and the coast switches. If pin 4 is 
monitored during the command input changes, it will be 
noted that delay switching times noted in the data sheet will 
be reflected at this pin. 


Measures of the operating performance of the CA3228E are 
the wide power supply and temperature-operating ranges. 
The curve of Figure 21 shows the dynamic range of the 
power supply input Vcc at pin 13 over the temperature range 
of -40°C to +120°C. The normal Voc specified is +8.2V 
+0.8V or approximately 10% tolerance. The curves of Figure 
21 also demonstrate a wide tolerance in the minimum to 
maximum range over which the device functions. A failure, 
as noted in the figure, is defined as a phase-locked-loop 
malfunction. Note that even with the wide range shown for 
power supply tolerance, it is still recommended that an 
external zener regulator or equivalent be used at the Voc 
power supply input. Vehicular power supply conditions 
typically range from 9V to 16V, a range that exceeds the 
maximum range and rating for the operation of the 
CA3228E. While some applications may work at lower 
voltages than the recommended 7.4V minimum, operating 
conditions should not exceed the 9V power supply maximum 
rating. 
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FIGURE 21. Voc OPERATING RANGE OF THE CA3228E 


Figure 22 shows another wide-range capability of the 
CA3228E when the temperature is varied. The Vs and Vy 
voltages are plotted versus temperature from -60°C to 
+100°C. Both the voltages for Vs and Vy are shown along 
with the equivalent speed condition for the typical application 


of Figure 2. For the 59.94mV/mph quoted above, the 
voltages of 4.3 to 4.5 are 72 to 75mph, respectively. It should 
be noted that Figure 22 is a measured curve from -55°C to 
+90°C with an equivalent 73.5 +1.5mph error. Over the 
same range, the Vg and Vy readings typically tracked within 
130mV while maintaining a cruise mode. 


TEMPERATURE (°C) 


FIGURE 22. TYPICAL CHARACTERISTIC OF THE F/V CON- 
VERTER OUTPUT, Vs, AND D/A OUTPUT, Vy, 
TRACKING vs. TEMPERATURE IN THE CIRCUIT 
OF FIGURE 2 


General Applications 


A CD4046 CMOS VCO (voltage controlled oscillator) may be 
used in the external loop to drive the sensor input at pin 8. In 
the closed-loop circuit shown in Figure 23, the CA3228E will 
respond to the accelerate, cruise and coast conditions and 
provide the appropriate drive at the vacuum and vent 
Outputs. From an idle mode after turn-on, the frequency may 
be adjusted by the 1MQ potentiometer. The adjustable range 
of the potentiometer output to the VCO input at pin 9 is 
ground on the low end to Vcc on the high end. The 0.047mF 
Capacitor between pins 6 and 7 and the 100kQ resistor at pin 
1 were chosen to accommodate a frequency range of 50 to 
250Hz. 


When a VCO frequency representing a given speed is set by 
the frequency control and applied to the sensor input at pin 
8, the set value may be entered into the CA3228E D/A 
memory with the set/accel command. Changing the switch 
at pin 9 of the CD4046 to the loop position then closes the 
servo loop with the VCO set frequency retained in the D/A 
memory. The PLL of the CA3228E will maintain the 
frequency of the VCO, and any conditions that force the 
VCO off frequency will be corrected by cruise or resume 
mode control. 


While the VCO closed-loop circuit was used to demonstrate 
the capability of the CA3228E, it is also apparent that many 
applications of the referenced circuit or variations of this 
Circuit may exist. 


Sketches of various application possibilities for the speed 
control system are shown in the functional diagrams of 
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Figure 24. These applications have not been reduced to 
practice but are only suggested possible circuits. Since the 
MSLT and redundant brake affect the low end settings, a 
diode bias clamp of 1.6V should be used at pin 11 to keep 
Vg higher than the minimum speed lockout level. Pseudo DC 
voltage levels can be applied to pin 10 to set a Vs level for 
the D/A memory. 


Further potential for use of the speed control system 
includes its combination with the CDP1800 and CDP6800 
series microprocessor control systems with added memory 
and D/A control. 


REFER TO THE : O Vcc 
APPLICATION 

CIRCUIT OF FIG. 2 
FOR CA3228E 


FIGURE 23. PLL OSCILLATOR FREQUENCY CONTROL CIRCUIT 
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PERATURE CONTROL. (SEE (a) FOR Vg SETUP CIR- 
CUIT.) (d) DC MOTOR POSITION CONTROLLER. 
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Summary 


The development of conductivity-modulated field-effect 
transistors, FETs, makes available to the system designer 
another solid-state device that can be used to implement 
power switching control. This paper reviews differences 
between the standard and the newly developed FET. It 
shows the significant advantages that the conductivity- 
modulated FET has over the standard FET. Several 
applications are presented to show that this new type of 
device works well in practical situations. The relative 
inmaturity of the conductivity-modulated FET may limit its 
initial utilization. But as the family grows and product 
innovation and refinement takes place, this newest member 
of the power semiconductor family will become a viable 
alternative to the other members. 


General Considerations 


The development of the power field-effect transistor has 
made available to the power-stage designer an entire new 
family of power semiconductors. Over the past 5 to 6 years, 
the breadth of product has grown to encompass the require- 
ments of a large number of applications. A limiting factor that 
has slowed the utilization of power FETs in the high-current, 
high-voltage applications is the fact that the on-state 
resistance (Rpgon)) in a standard FET is related to its 
breakdown voltage (Bypss) by a nearly cubic power, i.e., 
Ros(on) = Bypss 2-8. What this implies, as Figure 1 shows, 
is that as the breakdown voltage increases, the on-state 
resistance climbs even faster. 
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The MOSFET on-state resistance is contributed to primarily 
by three components of the transistor: the MOS channel, 
the neck region, and the extended drain region. The 
extended drain region contributes the most to the on-state 
resistance in high-voltage MOSFETs. To achieve a lower on- 
state resistance at a given blocking voltage, the usual 
technique is simply to make the die larger. However, 
increasing the die size has its limitations from a 
manufacturing point of view, since MOSFETs, with their very 
fine horizontal geometries, are highly defect-yield sensitive. 
As die size increases, the likelihood of a defect resulting ina 
nonfunctional part increases exponentially. This tendency, 
combined with a smaller number of parts per wafer, limits the 
availability of low-on-state-resistance, high-voltage MOS- 
FETs. 


A change in the horizontal geometry of the MOSFET can 
lower the specific on-state resistance per unit area. By using 
more channel width with smaller source cells placed closer 
together, a reduction in on-state resistance can be achieved. 
A limitation on how close these cells can be placed arises 
from a possible localization of field concentrations that will 
limit the voltage breakdown of the structure to less than the 
theoretical rating due only to mpurity concentrations. 
Therefore, for a given breakdown voltage, there exists a 
minimum spacing of the cell structure. Generally, the higher 
the required breakdown voltage, the further apart the cells 
must be placed. 


As stated earlier, the extended drain region of the MOSFET 
generally contributes the most to the on-state resistance in 
high-voltage MOSFETs. As the required blocking voltage is 
increased, this region must be made thicker and more lightly 
doped to be able to support the desired voltage. It is this 
region's contribution to on-state resistance that the condic- 
tivity-modulated field-effect transistor drastically reduces. 
This reduction occurs as the result of the injection of minority 
carriers from the substrate and, in specific on-state resis- 
tance per unit area, is about 10 times less than in a standard 
MOSFET at the 400V BVpgzg level, as shown in Figure 1. 


Further analysis has shown that the specific on-state 
resistance may be nearly independent of blocking-voltage 
level. This finding implies that at a BVpss of 1000V, the 
reduction in conductivity-modulated FETs over the standard 
MOSFETs could be perhaps 50 to 1. These reductions in 
on-state resistance per unit area that the conductivity- 
modulated FETs can achieve present the possibility that 
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high-voltage high-current FET-type devices can become 
more readily available because of the smaller die sizes 
associated with conductivity-modulated FETs. 


Comparison of Standard and Conductivity-Modulated 
FETs 


Standard and conductivity-modulated FETs share some 
characteristics, but are substantially different in others. 
Shown in Table 1 is a listing of the major characteristics that 
make the conductivity-modulated FETs unique among 
power semiconductor families. Foremost, it is a voltage- 
gated device; its input characteristics are similar to standard 
power MOSFETs of comparable chip size. Very little drive 
power is required at low to moderate switching frequencies. 
The device remains under the control of the gate within its 
normal operating conditions. It exhibits the normal linear 
mode as well as the fully saturated on-state of conventional 
power MOSFETs. When the gate voltage is removed, the 
device turns off, unlike the thyristor family of power 
semiconductors, which must be either externally or naturally 
(internally) commutated. 


TABLE 1. CONDUCTIVITY-MODULATED FET 
CHARACTERISTICS 


Voltage Gated Small gate power required. Similar 
to standard power MOSFET. 

Turn Off When gate drive is removed... 
Unlike an SCR! 

Nonlinear On-State Like that of an SCR. 

Voltage drop 

Turn On Speed Fast! Comparable to a standard 
power MOSFET. 

Turn-Off Speed Slow! Comparable to a bipolar 
transistor. 


Temperature Independent Unlike the typical 2x variation of a 
On-State Voltage Drop power MOSFET. 


The on-state voltage drop or resistance characteristic of a 
conductivity-modulated FET is markedly different from that 
of a standard power MOSFET, and is similar to that of a 
thyristor family member, the SCR. There is an offset voltage 
component (typically 0.6V) due to the p-n junction on the 
drain side, and a somewhat nonlinear resistive component, 
both of which are in series between the drain and source 
terminals. This series arrangement results in a_ highly 
nonlinear equivalent resistance, unlike the linear resistive 
characteristic of Vos(ony Of a standard FET. 


The structure of the conductivity-modulated FET operates 
during its turn on just as a standard FET does, hence its 
turn-on speed is very similiar to that of a standard FET. With 
its high input impedance and its short propagation delay, the 
turn-on transistion of the conductivity-modulated FET, as 
well as the standard power FET, is easily controlled by the 
gate driving circuit. This characterstic allows the designer 
the ability to control EMI and RPI generation easily. With 
other power semiconductors, it may be necessary to employ 
elaborate circuit schemes to limit rapidly rising in-rush 
currents. 


A significant characteristic that must be considered in power 
switching applications is that of turn-off speed. The internal 
action that makes the conductivity-modulated FET such a 
silicon-efficient device also makes it an inherently slower 
device during turn-off. The injection of the minority carriers 
during the on-state conduction of current results in these 
carriers being present at the moment of turn-off. Without any 
way of removing these carriers by external means, they must 
recombine within the structure itself before the device can 
revert to its fully off-state condition. The quantity of these 
carriers and how fast they can deplete themselves 
determines the turn-off switching speed of the conductivity- 
modulated FET. This process of recombination is 
considerably slower than the simple discontinuance of 
majority carrier flow by which the standard power FET turns 
off. Hence, again, the conductivity-modulated FET is an 
inherently slower device. Its turn-off speed lies somewhere 
between the performance ofathyristorand that of a bipolar 
transistor. 


The final characteristic that makes the conductivity- 
modulated FET different from a conventional FET is the 
variance of on-state voltage with temperature. The 
characteristic of the conductivity-modulated FET is similar to 
that of an SCR, varying about -0.6mV/°C. The conventional 
FET has a positive temperature coefficient such that on 
high-voltage devices the Rpgiony will double from its 25°C 
value when the junction temperature reaches 150°C. The 
system designer must take this characteristic into consider- 
ation when the heat sink is being designed for the system. 


It is these similarities and differences that make the conduc- 
tivity-modulated FET a unique member of the family of 
power-semiconductor switching devices. Applications of this 
alternative power switching device invariably make use of 
one or more of its unique characteristics. 


Applications 
Automotive Ignition 


An application that can take advantage of the low drive- 
power capability of the conductivity-modulated FET is the 
electronic automotive ignition system. In Figure 2, the control 
IC takes the signal from the pickup coil located in the 
distributor and regulates the current through the ignition coil. 
At the proper time, the IC removes base drive from the 
bipolar transistor, which all systems currently employ as their 
coil driver. This removal of base drive allows the transistor to 
shut off which, in turn, causes a rapid decrease in the 
ignition-coil primary current. As the primary current 
decreases to zero, the energy stored in the field surrounding 
the primary is transferred to the secondary coil. The 
secondary coil, consisting of many more turns than the 
primary, transforms this energy into a higher voltage, 
resulting in a spark being generated in the cylinder. The 
control IC determines when this spark occurs, so as to 
derive usable power. With the use of a bipolar transistor, it is 
estimated that approximately two-thirds of the power 
dissipation that occurs in the control IC is the result of the 
need to be able to drive the required base current of the 
ignition output transistor. The high-impedance input of the 
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conductivity-modulated FET virtually eliminates the base- 
current drive dissipation of the control IC. 


With improved silicon usage, the conductivity-modulated 
FET brings to power semiconductor switching devices the 
die size necessary to attain the required voltage and current- 
handling capabilities of the electronic ignition. This smaller- 
sized die makes possible smaller modules, whether they be 
hybrid or standard PC-based systems, than those currently 
implemented with bipolar-transistor technology. 


‘Brushless DC Motors 


Another emerging application that can make use of 
conductivity-modulated FETs is the emerging field of 
brushless DC motors. In this class of application, the solid- 
state devices are used to electronically switch the voltage to 
the multiplicity of windings that are employed. The motor 
consists of an armature that has a number of N and S poles 
consisting of high-strength permanent magnets. The stator 
is made up of the multiplicity of windings that were 
mentioned above; the windings are spaced incrementally 
about the outside frame of the housing. The voltages to 
these windings are all electronically switched to create a 
rotating magnetic field. The armature then rotates to 
maintain its relative position within the moving magnetic 
field. The switching of the voltage on the stator windings is 
done by means of power semiconductor devices. A basic 
block diagram of such a system is shown in Figure 3. 


The control logic provides the proper sequence of drive 
signals based on the rotation direction desired, the speed 
desired, and the enable input. These requirements are 
combined with the inputs from the hall-effect sensors to 
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determine which power devices should be activated. Since 
the current through the stator windings must be bidirectional, 
the half-bridge or totem-pole output configuration is used to 
steer the current. This circuit implementation is generally 
performed with complementary devices, although single- 
polarity devices can be used with increased circuit 
complexity. 24° 


In a typical 120V off-line system, like the one shown in 


Figure 3, the switching devices must have a 300V to 400V 


blocking capability. For larger size motors, where larger 
currents are necessary, the use of power FETs generally 
implies the use of large die to achieve a low power 
dissipation to meet the heat-dissipation capability of the 
packaging. .The conductivity-modulated FET, with its 
temperature-independent on-state-voltage-drop characteris- 
tic, helps this situation by keeping the dissipation lower than 
can be achieved with a standard power FET because of the 
increasing Rposon characteristic of that device. The small 
die size of the conductivity-modulated FET, the result of 
better silicon utilization, again makes them the practical 
choice in motor control not only because of their electrical 
characteristics, but also because of the lower manufacturing 
cost of the die. | 


As stated above, system complexity can be reduced with 
complementary devices. Although p-channel conductivity- 
modulated FETs are not yet commerically available, 
laboratory samples have been fabricated which offers 
better silicon utilization efficiency than their conventional p- 
channel counterparts. This statement is based on the fact 
that p-channel MOSFETs require a 2.5 times larger area 
than an n-channel device for the same Roson). The easier 
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drive requirements for the n-channel (directly driven from 
the control IC) and the simplified voltage-translation circuit 
for driving the p-channel devices, combined with the 
smaller die size with potentially lower device cost for 
comparable power handling capability, makes the 
conductivity-modulated FET a natural for the brushless DC 
motor application. 


Switching Power Supply 


One final application that has the potential for conductivity- 
modulated FET usage is the switching power supply. A half 
bridge configuration implementation is presented in Figure 4. 
The system shown uses astandard PWM control IC to drive 
the conductivity-modulated FETs through the T2 
transformer. The voltage drive characteristic of these 
devices makes the design of transformer T2 quite simple. 
The control IC is more lightly loaded because it does not 
have to supply a continuous base drive, as would be 
necessary with bipolar transistors. 


The operating frequency and the “dead time” are the limita- 
tions placed on this system when conductivity-modulated 
FETs are used. The inherent lower switching speeds of 
these types of devices make these limitations necessary. 
The system is currently limited to the 20kHz to 30kHz range, 
with dead times as low as 1 to 2 microseconds. This charac- 
teristic is comparable to many existing bipolar systems. 
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Improvements in switching speeds will occur as _ the 
conductivity-modulated FET matures. It is, however, unlikely 
that they will ever have the same switching speeds as 
standard power FETs. This limitation prohibits their use in 
some of the newer higher-frequency power supplies being 
designed now with conventional FETs. However, in higher- 
power supplies, where conventional FETs must be paralled 
to achieve a low enough Roson) for good efficiency, the 
conductivity-modulated FET may present a viable alternative 
with its smaller die size. Although the operating frequency of 
the system may have to be compromised to use them. 


Conclusion 


The conductivity-modulated FET represents a progression in 
the ever-advancing state-of-the-art development that occurs 
in the world of solid-state devices. The unique structure of 
these devices presents characteristics that make them 
equivalent in many ways to conventional FETs but superior 
in other ways. The system designer must take into account 
these similar and dissimilar characteristics to properly use 
them. The capabilities of the conductivity-modulated FETs 
allow them to make inroads into applications currently 
served by bipolar transistors, and in some _ cases 
conventional power FETs. As the devices mature through 
innovation and product refinement, conductivity-modulated 
FETs will become vital members of the family of solid-state 
power-semiconductor devices. 
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THE IGBTs - ANEW HIGH CONDUCTANCE 
MOS-GATED DEVICE 


Author: J.P. Russell, A.M. Goodman, L.A. Goodman and J.M. Neilson 


Abstract 


A new MOS gate-controlled power switch with a very low on- 
resistance is described. The fabrication process is similar to 
that of an n-channel power MOSFET but employs an n’-epi- 
taxial layer grown on a p* substrate. In operation, the 
epitaxial region is conductivity modulated (by excess holes 
and electrons) thereby eliminating a major component of the 
on-resistance. For example, on-resistance values have been 
reduced by a factor of about 10 compared with those of 
conventional n-channel power MOSFETs of comparable size 
and voltage capability. 


Introduction 


Vertical MOSFETs have become increasingly important in 
discrete power device applications due primarily to their high 
input impedance, rapid switching times, and low on- 
resistance. However, the on-resistance of such devices 
increases with increasing drain-source voltage capability, '~9 
thereby limiting the practical value of power MOSFETs to 
applications below a few hundred volts. In this letter, we 
describe the fabrication and characteristics of a new vertical 
power MOSFET structure that provides an on-resistance 
value about 10 times smaller than that of conventional power 
MOSFETs of the same size and voltage capability. In this 
device, the conductivity of the epitaxial drain region of a 
conventional MOSFET is dramatically increased 
(modulated) by injected carriers; this mechanism results in a 
significant reduction in the device on-resistance and leads to 
the acronym IGBTs (Insulated Gate Bipolar Transistor). 


This device, while similar in structure to the MOS-gated 
thyristor,*> is different in a fundamental way; it maintains 
gate control (doesn't latch) over a wide range of anode 
current and voltage.® The structure and the equivalent circuit 
for the IGBTs are shown in Figure 1(a) and (b); they are sim- 
ilar to those of an MOS-gated thyristor, except for the pres- 
ence of the shunting resistance Re in each unit cell. The 
fabrication is like that of a standard n-channel power 
MOSFET except that the n’-epitaxial Si layer is grown on a 
p* substrate instead of an n+ substrate. The heavily doped 
p* region in the center of each unit cell, combined with the 
sintered aluminum contact shorting the n* and p* regions, 
provides the shunting resistance shown in Figure 1(b). This 
has the effect of lowering the current gain of the n-p-n 
transistor (an-p-n) so that an-p-n + ap-n-p <1. Thus latching 
is prevented and gate control is maintained within a large 
operating range of anode voltage and current.® 
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In the remainder of this note we describe the operation and 
characteristics of this device. 


Device Operation 


The IGBT is a four-layer (n-p-n-p) device with an MOS-gated 
channel connecting the two n-type regions. In the normal 
mode of operation, a positive voltage is applied to the anode 
(A) relative to the cathode (K). When the gate (G) is at zero 
potential with respect to K, no anode current (i,) flows for 
anode voltage V, below the breakdown level Vg- When Va, < 
Ver and the gate voltage is larger than the threshold value 
Vgt electrons pass into the n’-region (base of the p-n-p 
transistor). These electrons lower the potential of the n’- 
region, forward biasing the p* - n° (substrate-epi-layer) 
junction, thereby causing holes to be injected from the p+ 
substrate into the n’ epi-layer region. The excess electrons 
and holes modulate the conductivity of the high-resistivity n- 
region, which dramatically reduces the on-resistance of the 
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device. During normal operation, the shunting resistor (Rg) 
keeps the emitter current of the n-p-n transistor. very low, 


which keeps an-p-n very low. However, for sufficiently large. 


ig, Significant emitter injection may occur in the n-p-n transis- 
tor, causing an-p-n to increase; in this case the four-layer 
device may latch, accompanied by loss of control by the 
MOS gate. In this event, the device may be turned off by 
lowering i, below some “holding” value, as is typical of a 
thyristor. 


Device Characterization — 


Two different lots of IGBT structures, consisting of about 10 
wafers/lot, have been successfully prepared to date. From 
these wafers, 1.5mm and 3mm square devices were 
fabricated using a standard HEXFET geometry’ with a 
polysilicon gate electrode over an SiO, gate dielectric. 
Several hundred IGBT were mounted in standard TO-3 and 
TO-66 packages and characterized under DC and pulsed 
conditions, as described below. 


With zero gate bias, the forward characteristic of a IGBTs 
shows very low current (<inA) up to about 390V, where it 
breaks up sharply to much larger current levels with only a 
slight increase in voltage. If the internal junction between the 
p* substrate and the n° epitaxial layer had been edge- 
passivated, a similar reverse breakdown characteristic would 
be expected. The actual reverse breakdown voltage for our 
devices was about 100V because edge passivation was not 
used. 


Figure 2(a) shows the MOSFET-like transfer characteristics 
of an IGBT in the low gate-voltage region. A noteworthy fea- 
ture of the IGBT characteristic is the ~0.7V offset, from the 
origin, of the steeply rising portion of the i(v) characteristics. 
This offset is the voltage required to forward bias the p* - v 
(substrate-epi-layer) junction, and is an integral characteris- 
tic of the present device. 


Figure 2(b) shows the i(v) characteristic of an IGBT with 
Vg = 20V, and demonstrates the low on-resistance of the 
device (~0.084Q at 20A). The on-resistance values of 
nearly all of the many IGBT fabricated to date have been 
less than 0.19 (at 20A) for the 3mm square devices. Such 
values compare very favorably with those of conventional 
power MOS structures, as illustrated in Figure 3. Here, the 
open data points (and the upper curve) are from data 
sheet specifications of commercial power MOSFETs 
(Harris, IRC, and Motorola). The solid data points (and the 
lower curve) are those of Baliga, which he labelled “state- 
of-the-art", supplemented with some of the "best" of 
Harris' commercial and developmental MOSFETs. Note 
that the on-resistance of the IGBT is approximately |0 
times less than that of a 400V state-of-the-art MOSFET. 
Moreover, similarly low on-resistance values should be 
obtainable from IGBT designed for higher drain-source 
voltages. This is due to the fact that the resistance of the 
modulated region is determined by the concentrations and 
mobilities of the excess carriers (as in a p-i-n diode)® 
rather than by the background doping of the layer. In 
particular, the epi-layer doping and thickness of our 
present IGBT structures were designed for 600V, but Var 
was limited to 400V by the edge design of the device. An 


improved edge design should provide a_ blocking 
capability closer to bulk breakdown, without altering the 
on-resistance of the device. This would make the IGBTs 
on-resistance of less than 0.1Q even more attractive for 
high-voltage applications. 
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FIGURE 2 - (a) MOSFET - Like Characteristic 
(b) IGBT i(v) with V, = 20V 


Transient Response Measurement 


Switching time measurements under pulsed gate-voltage 
operation were used to characterize the transient operation 
of the device. The response of the anode current to a 
square-wave gate-voltage pulse is comprised of a rapid turn- 
on (with a typical time less than 11s) and a somewhat slower 
turn-off. We observed that the turn-off transient consists of 
an initial "fast" component, followed by a “slow’ tail, as 
shown in Figure 4. 


We believe that the initial rapid decay is due to the turn-off of 
the MOS portion of the equivalent circuit, and the turn-off tail 
is due to the time required for the excess carriers in the 
epitaxial drain region to decay. In general, turn-off times in 
the range of 5us to 20s were observed, with the precise 
value depending on circuit conditionsand the turn-off time of 
the gate pulse. 
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The n-p-n-p structure of the IGBTs is similar to that of a thy- 
ristor and can be forced to latch under sufficiently high drive 
conditions. We have observed latching currents in the range 
10A - 30A in 3mm square chips. The magnitude of the latch- 
ing current has been found to depend on both anode voltage 
and temperature, decreasing with increasing anode voltage 
or increasing temperature. 


More interestingly, the latching current is also strongly 
influenced by the gate voltage turn-off time. Slow gate turn- 
off (~10us) permits anode currents up to 30A without 
latching. However, rapid gate turn-off (< 11s) leads to latch- 
ing at a much lower anode current level (~10A) in the same 
device. We believe that latching during rapid turn-off of the 
gate voltage is due to current being forced through the n-p-n 
transistor causing an-p-n to increase, and leading to the 
condition for latching, an-p-n + ap-n-p = 1. Slow turn-off of 
the gate voltage prevents this, since the induced channel 
turns off slowly and partially shunts the n-p-n transistor; the 
small current through this transistor keeps an-p-n sufficiently 
low to avoid latching. 
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FIGURE 3. SPECIFIC ON-RESISTANCE vs. DRAIN-SOURCE 
VOLTAGE CAPABILITY FOR STATE-OF-THE-ART 
POWER MOSFETS AND THE IGBTs 


Summary 


A new MOS-gate-controlled power device, the IGBTs, has 
been described. The device has the desirable feature of a 
very low on-resistance similar to that of a thyristor, but is 
capable of maintaining gate control of the anode current over 
a wide range of operating conditions. The low on- resistance 
is due to conductivity modulation of the n epitaxial layer 
equivalent to the extended drain in a power MOSFET; this 
carries with it the penalty of slow switching compared with 
that of a conventional power MOSFET. 
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FIGURE 4. GATE VOLTAGE (LOWER TRACE) AND ANODE 
CURRENT (UPPER TRACE) WAVEFORMS FOR 
Ia(MAX) = 8A 
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Abstract 


Conventional vertical power MOSFETs re limited at high 
voltages (>500V) by the appreciable resistance of their epi- 
taxial drain region. In a new MOS-gate controlled device 
called a IGBT, this limitation is overcome by modulating the 
conductivity of the resistive drain region, thereby reducing 
the on-resistance of the device by a factor of at least 10. 
However, the device previously described is slow in turnoff, 
having a fall time in the range 8 to 40us. The purpose of our 
present work has been to reduce the fall time significantly 
and to increase the latching current level of the IGBTs, while 
retaining its desirable features. By modification of the epitax- 
ial structure and addition of recombination centers, we have 
achieved fall times as low as 0.1ps and latching currents as 
high as 50A, while retaining on-resistance values <0.2Q for 
a 0.09cm*? chip area. The techniques used for the introduc- 
tion of recombination centers include electron, gamma-ray, 
and neutron irradiation, as well as heavy metal doping. For a 
series of IGBTss (with forward-blocking voltage capabilities 
of 400-600V), the fall time can be reduced by more than one 
order of magnitude with a penalty of less than a 20% 
increase in on-resistance. 


Introduction 


Vertical MOSFETs have become increasingly important in 
discrete power device applications due primarily to their high 
input impedance, rapid switching times and low on-resis- 
tance. However, the on-resistance of such devices increases 
with increasing drain-source voltage capability’? thereby 
limiting the practical value of power MOSFETs to applica- 
tions below a few hundred volts. This limitation has been 
effectively overcome by the development of a new MOS 
power device in which the conductivity of the n-type epitaxial 
drain region is greatly increased (modulated) by the injection 
of minority carriers from a p-type substrate. We have called 
this device a COMFET-an acronym for COnductivity Modu- 
lated Ejeld Effect Iransistor;4 the device has also been 
called an IGBT or Insulated Gate Bipolar Transistor. 


The devices, as originally described, had most of the advan- 
tages of conventional power MOSFETs; in addition, they 
exhibited more than an order-of-magnitude reduction in high 
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current on-resistance values, permitting improved utilization 
of silicon chip area. However, they also had two disadvan- 


tages: 


When a IGBT is turned off, the injected minority carriers that 
remain in the epitaxial drain region decay by recombination with 
majority carriers at a rate determined by the minority-carrier life- 
time, t. Large values of t resulted in anode-current fall time, tF, in 
the range 8-40 ms. 4,5 


The maximum operating current is limited by latchup of the para- 
sitic thyristor that is inherent in the device structure. Typical latch- 
ing current levels of IL, < 10A were observed in 0.09cm2 area 
devices when the gate voltage was turned off rapidly (<1ms); for 
slower gate voltage turnoff (~10ms), IL values as high as ~30A 
were observed. ; | 


The purpose of the present work has been to reduce tF and to 
increase IL while retaining the desirable features of the device. 
By modifying the epitaxial structure and adding recombination 
centers to the epitaxial drain region, we have achieved tF values 
as low as 100ns and IL values as high as 50A rapid gate 
voltage turnoff. 


Modified Structure 


A schematic diagram of the original |GBT structure* is shown in 
Figure 1(a), and the equivalent circuit is shown in Figure 1(b); 
they are similar to those of an MOS-gated thyristor except for 
the presence of the shunting resistance Rs in each unit cell. 
The fabrication is like that of a standard n-channel power MOS- 
FET, except that the n--epitaxial layer is grown on a p+ sub- 
strate instead of an n+ substrate. The heavily doped p+ region 
in the center of each unit cell, combined with the aluminum con- 
tact shorting the n+ and p+ regions, provides the shunting resis- 
tance RS. This has the effect of lowering the current gain of the 
n-p-n transistor in the equivalent circuit so that anpn + apnp <1, 
thereby preventing latching over a large operating range of 
anode voltage VA and anode current iA. However, for suffi- 
ciently large iA, emitter injection in the n-p-n transistor will 
increase, accompanied by an increase in anpn. When anpn + 
apnp increases to 1, the four-layer device will latch; the level of 
iA at which this occurs is the latching current level, IL. Thus, it 
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can be seen that a structure modification that lowers apnp will 
allow a greater range of iA (and anpn) without latching; that is, a 
reduction in apnp corresponds to an increase in IL. 


The modified structure shown in Figure 1(c) differs from that in 
Figure 1(a) by the addition of a thin (~10mm) layer of n+ silicon 
in the epitaxial structure between the n- region and the p+ sub- 
strate. This n+ layer lowers the emitter injection efficiency of the 
p-n-p transistor in the equivalent circuit, and results in an 
increase in IL by a factor of 2 to 3. In addition, there is also a 
reduction in tF. 


These results are illustrated in Figure 2, in which tr, is plotted 
versus i, for each device structure. It should be noted that 
IGBTss with the modified structure can block high voltage 
only in the forward voltage direction since the emitter junc- 
tion (p+ - n+) of the p-n-p transistor breaks down at a low 
level when the polarity of the applied voltage is reversed. 
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FIGURE 1. (a) SCHEMATIC DIAGRAM OF ORIGINAL IGBTs 
STRUCTURE. (b) EQUIVALENT CIRCUIT 
(c) SCHEMATIC DIAGRAM OF MODIFIED STRUC- 
TURE 
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FIGURE 2. ANODE-CURRENT FALL TIME te VERSES ANODE 
CURRENT FOR ORIGINAL STRUCTURE AND 
MODIFIED STRUCTURE. 


Addition Of Recombination Centers 


We have used a variety of techniques to add recombination 
centers to IGBTss; these include high energy electron, 
gamma ray, and fast neutron irradiation, as well as heavy 
metal doping. The irradiations were carried out after 
completion of all of the high-temperature processing steps, 
but in each case an additional heat treatment was necessary 
to stabilize the devices by annealing out gate oxide charge, 
as well as those radiation induced defects in the silicon 
(recombination centers) that would otherwise anneal out 
slowly at the device operating temperature.” Typical values 
of te of the order of ips or less were achievable using any of 
the techniques. 
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FIGURE 3. ANODE-CURRENT FALL TIME tz VERSUS ANODE 
CURRENT FOR AN AS-FABRICATED DEVICE AND 
AFTER 14MeV NEUTRON IRRADIATION (10'n/ 
cm?) FOLLOWED BY ANNEALING AT +300°C. 


An example of the variation of te, with i, (1) as fabricated and 
(2) after irradiation with 14MeV neutrons and annealing is 
shown in Figure 3. Here, the neutron fluence was ~10'n/ 
cm?; this was followed by annealing at +300°C. Note that tr, 
has not only been drastically reduced, but is virtually con- 
stant at ~0.6p1s; i.e., almost independent of ia. 
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FIGURE 4. IGBTs ANODE CURRENT AND GATE VOLTAGE WAVEFORMS 


It is possible to lower tf, still further by appropriate irradiation 
and annealing or by heavy metal doping procedures, 
although this is not necessarily desirable for reasons that are 
discussed below. The smallest values of ts, that we have 
obtained for fully stabilized IGBT is in the range 100ns to 
200ns. This is illustrated in Figure 4. 


The reduction in minority carrier lifetime that allows faster 
switching also carries with it a penalty higher forward voltage 
drop when the device is turned on; i.e., higher on-resistance. 
Since, in the forward conduction of an IGBT, current and 
voltage are not linearly related, it is necessary to specify a 
current level at which to compare on-resistance values of 
different devices. In Figure 5 we plot the on-resistance (at i, 
= 20A) of a series of devices with 0.09cm? chip area against 
their t,, values after irradiation and annealing. All t, values 
shown were obtained at i, = 5A; for the devices with short 
switching times, tp is virtually independent of ig. Clearly, 
there is a trade-off involved, and the optimum choice of a 
value for ts, and the corresponding on-resistance value will 
depend, to some extent, on the intended application. 
However, even for the shortest switching times shown 
(100ns), the on-resistance value of 0.2 is approximately an 
order-of-magnitude less than that of comparably sized 
n-channel MOSFETs. 
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FIGURE 5. ON-RESISTANCE vs. ANODE-CURRENT FALL TIME 
te FOR A SERIES OF IGBTsS AFTER VARIOUS IR- 
RADIATION AND ANNEALING TREATMENTS 
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Temperature Dependence Of T;, And I, 


All of the device performance data presented thus far have 
been measured at room temperature. However, power 
devices are often operated at elevated temperatures, and it 
is important to determine how their performance varies with 
temperature. In Figure 6 the variation of te and I, for a device 
that has been irradiated and annealed is plotted versus tem- 
perature in the range +25°C to +150°C. This behavior is typ- 
ical of all of the devices we have tested; i.e., tf increases and 
|, decreases with increasing temperature, both by a factor of 
between 2 and 3 in the interval +25°C to +150°C. 
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FIGURE 6. VARIATION OF ANODE-CURRENT FALL TIME t- 
AND LATCHING CURRENT |, WITH TEMPERATURE 


Summary 


By modification of the epitaxial structure of the IGBT and the 
addition of recombination centers, we have achieved anode- 
current fall times as low as 100ns in IGBT with latching 
currents as high as 50A for a 0.09cm? chip area. We have 


described the trade-off between on-resistance and anode- 
current fall time that may be obtained, and have 
demonstrated the variation of anode-current fall time and 
latching current with operating temperature. — 
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The SPICE II simulation software package is familiar to most 
designers working in computer-aided design of integrated 
circuits. Developed by L. W. Nagel in 1973, SPICE II has 
become a widely available, well-understood design tool for 
IC modeling and analysis. But, SPICE II has a shortcoming: 
its standard simulation programs were developed when all 
MOSFETs were low-power devices. Power MOS devices are 
growing in use today, both as discrete components and, 
potentially, as output stages of power integrated circuits. 
SPICE Il in its current form doesn’t recognize these new 
developments. Its built-in FET models aren’t able to simulate 
all the modes of new power MOS device operation. For 
example, SPICE Il doesn’t recognize the way a power 
MOSFET’s internal capacitances change with. bias 
conditions, the presence of a cascode JFET that compli- 
cates both static and dynamic operation, or the presence of 
a parasitic body diode that affects operation in the third 
quadrant. Without this information, SPICE II will predict 
power MOSFET performance that is incorrect. 


Since SPICE Il’s internal device models can’t be easily 
changed for all existing copies, we looked for another 
approach to update the capabilities of this widely used simu- 
lation package in its standard form. Adding a “subcircuit” of 
external components that complement the devices within the 
SPICE II software, so as to form a true, equivalent circuit of a 
power MOSFET, is the answer. 


The subcircuit works nicely with the standard SPICE Il 
software, providing a model with all the terminal characteris- 
tics of a power MOSFET. Parameters of the subcircuit model 
can be determined from simple terminal measurements or 
from standard data sheets, using the algorithmic and empiri- 
cal approach described below. Once these parameters are 
in place, SPICE II can be used to accurately simulate either 
p-channel or n-channel power MOSFET devices over a wide 
range of currents and voltages. The subcircuit functions as 
an embedded subroutine, so it can be used repetitively for 
any number of power MOSFETs in a design. This technique 
can be used to model power MOSFETs with any version of 
the SPICE Il program presently available, without any modifi- 
cations to its internal source code. The technique can also 
be used with other commercially available or in-house-devel- 
oped circuit simulators. 


Modeling The Power MOSFET 


A cross-sectional view of a cell of a Harris IRF130 power 
MOSFET is shown in Figure 1. The easiest way to under- 
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stand its electrical characteristics is to think of it as a vertical 
JFET, driven in cascode from a low-voltage lateral MOS- 
FET.': 2 When the gate is positively biased with respect to 
the n-bulk, an accumulation layer forms in the n-region 
beneath the gate. This layer acts as the drain of the lateral 
MOSFET, as well as the source of the vertical JFET. The 
JFET channel is then-region between the two p-type body 
diffusions, which act as the gate of the JFET. The JFET drain 
is the n+ bulk, usually thought of as the power MOSFET 
drain. 


SOURCE METAL 
POLY GATE SiOz. GATE OXIDE 


+n SOURCE 


n+ DRAIN 


FIGURE 1. A CROSS-SECTIONAL VIEW SHOWS THE PHYSI- 
CAL MAKEUP OF THE LATERAL LOW-VOLTAGE 
MOSFET AND VERTICAL JFET THAT OPERATE IN 
CASCODE AS THE POWER MOSFET. 


When you look at the power MOSFET this way, it becomes 
possible to use the standard SPICE I! built-in device models, 
because SPICE Il can simulate both the vertical JFET and 
the lateral MOSFET. When we use the subcircuit to add the 
rest of the Harris IRF130 power MOSFET to these SPICE Il- 
simulated devices, we get a satisfactory equivalent circuit, 
shown in Figure 2. 


The gate-to-source capacitance of the Harris IRF130 power 
MOSFET is represented by Co,. It is really a composite of 
two capacitances. The first is formed between the polysilicon 
gate and source metal (with the thick oxide as a dielectric). 
The second is formed between the gate and the n+ source 
(with the thin oxide acting as the dielectric). The value of Co, 
is essentially unchanged by voltage or current. 


Capacitor Co, is formed between the power MOSFET gate 
and the accumulation layer, with the thin gate oxide as a 
dielectric. So long as the gate is positive with respect to the 
n-neck region, the accumulation layer exists and Cj, doesn’t 
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change. But, if the external drain voltage (less their voltage 
drop across then-drift region) approaches the gate voltage, 
the accumulation layer starts to disappear. When that 
happens, Co, abruptly drops in value. This sudden change 
has to be taken into consideration. 


C23 
Co4 
<> 
F; 
oe DSCHRG @ 
® DerREAK 
co , ® 
Co & 


Dsopy ~ | Vereak 


Vpinch {| Rsource 
16) = 


Lsource 


FIGURE 2. THE EQUIVALENT CIRCUIT OF THE POWER MOS- 
FET IS MADE BY COMBINING SPICE Il MODEL EL- 
EMENTS WITH SOFTWARE ~ SPECIFIED 
COMPONENTS ON A “SUBCIRCUIT.” 


Capacitor Co3 represents the gate-to-drain capacitance of 
the Harris IRF130 power MOSFET. Because the accumula- 
tion layer normally acts as an electrostatic shield, C23 has no 
significance until the layer ceases to exist under the 
conditions just described. When it does disappear, the effect 
upon Cog is abrupt, and also has to be taken into 
consideration. The sudden changes in Cj, and Cy cannot 
be easily modeled with the standard SPICE II software. 


Figure 2 illustrates what happens: If the JFET source voltage 
(node 4) is very low compared to its pinch-off voltage, the 
JFET will be highly conductive, tightly coupling Co, to the 
JFET drain (which is also the drain of the Harris IRF130 
power MOSFET). However, as the node 4 voltage 
approaches the pinch-off voltage (Vpijcy) of the JFET, it 
operates in a constant-current mode. This action decouples 
Co4 from the JFET drain, making possible a much faster 
slew-rate, determined by Co3. If the node 4 voltage is 
allowed to exceed Voincy Of the JFET, errors will exist in the 
output waveforms predicted by the standard SPICE II model. 


To correct the situation, the added subcircuit includes a cur- 
rent-controlled current source, Foscyrg, and a current- 
sense network containing D1. If node 4 voltage begins to 
exceed Vpiwcy Of the JFET, D1 conducts, and its current is 
sensed at Vyyeas. The high-gain current source Foscur.e is 
turned-on rapidly and partially discharges Cy,, pinning node 
4 voltage at the pinch-off voltage of the JFET. In setting up 
the parameters of the subcircuit, the ideality factor of D1 is 
set at 0.03 to assure that node 4 voltage will never exceed 


Vpincy Of the JFET by more than a few millivolts. This condi- 
tion results in waveform predictions from the SPICE II model 
that represent the true characteristics of the power MOSFET. 


The body diode (Dgopy in Figure 2) is formed by the drain- 
to-body diffusion pn junction of the Harris IRF130 power 
MOSFET. Dgopy is added as an external component in the 
subcircuit because the built-in gate-to-drain diode of the 
SPICE Ii JFET model is inconvenient when it comes to mod- 
eling third-quadrant conduction of a power MOSFET. We 
want most of the third-quadrant current to flow in Dagpy. So, 
we effectively delete the SPICE II model’s built-in diode by 
setting its saturation current parameter to an artificially low 
value, such as 10° ampere. 


To round-out the subcircuit, a resistor value is chosen for the 
JFET drain of the SPICE Il model to represent the series 
resistance of the n-drain region of the Harris IRF130 power 
MOSFET.? We also add resistor Rsource to represent the 
series source resistance of the Harris IRF130 power 
MOSFET: a composite of resistances in the n+ source 
region, contact resistance, and source-metal series 
resistance. Finally, we add inductor Lsource to represent 
the source inductance of the power MOSFET contributed by 
the source metallization and bond wires. 


Choosing Parameters to Simulate A Power 
MOSFET 


To accurately simulate the terminal characteristics of the 
physical power MOSFET you are working with, you will need 
to adjust the SPICE I! model parameters and select 
subcircuit component values. Look first at adjustment of the 
SPICE II model. The static current-voltage characteristics of 
the power MOSFET are determined by the low-voltage 
lateral MOSFET included in the SPICE i model; Figure 2. In 
saturation (large values of Vps), the lateral MOSFET device 
is modeled according to the following equation: 


(Kp)W (V@s - Vt0)* 


2L 
where 
Kp = Process Transconductance Parameter 
Vio = Threshold Voltage 
WwW = L= 1pm (Fixed In This Note For Convenience) 
Ibs = MOSFET Drain Current 
Ves = MOSFET Gate-To-Source Voltage 


Continuing with the example device, the Harris IRF130 
power MOSFET, a plot of the square root of Ips versus gate 
voltage (Vgs) provides the curves shown in Figure 3 for Vps 
= 10 volts. These curves provide the process transconduc- 
tance parameter, (Kp/2)°°, and threshold voltage, Vyo, 
directly. This data can then be used to find the value of 
source resistance, Rsource: This series resistance is impor- 
tant because it causes the curve produced by plotting the 
square root of Ips versus Ves to depart from linearity at high 
current levels. Departure at very low current levels is caused 
by subthreshold conduction, which we ignore in this model. 
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To find the JFET drain resistance, we use the value of 
source resistance, Rgource, and plots of Ipg versus Vpg for 
operation in the linear region, as shown in Figure 4. 


To find the current, resistance and capacitance parameters 
of the body diode (Dgopy in Figure 2), first plot log Ips versus 
Vps, aS shown in Figure 5, holding the gate voltage, Ves, 
negative for third-quadrant operation; i.e., where Vps is less 
than 0. This plot gives the saturation current and resistance 
of Dgopy. The minority-carrier transit-time parameter (TT) of 
the SPICE II program is chosen to provide the best fit to 
measured transient reverse-recovery data. The junction 
capacitance value of Dgopy is equal to the power MOSFET 
device output capacitance, Coss, at zero volts. This value 
can be obtained from the device data sheet, or by bridge 
measurement. It is usually specified at 25 volts, and may be 
converted to zero volts by multiplying by 6. 


KT 
SLOPE = - 


= 6O0mV/DECADE 


LOG Ip (A) 


« 
« 
@ 
lps Rsounce ——>y" ox — 
4 


Vps (V) 


FIGURE5. THIS PLOT OF LOGI VS Vps IN THIRD-QUADRANT 
OPERATION OF THE POWER MOSFET DEFINES I, 
AND Rg, OF THE PARASITIC BODY DIODE, Dgopy. 


SLOPE VKP/2" To properly simulate avalanche breakdown voltage with the 


added clamp circuit (diode Dgpeax and voltage source Vpreak 

Vos > Ves in Figure 2), first set the voltage level of Vanrax equal to the 
(SATURATED REGIME) measured value of drain breakdown voltage. Then, adjust the 
SPICE II model parameters Is, N, and Reg for Dpreax to obtain 
the best fit to the measured breakdown voltage curve. 


Vips (A™/2) 


Selection of capacitors C5;, Coz, and Co,4, and the parame- 

ters of the JFET (all shown in Figure 2), can be made using 
4.0 5.0 6.0 7.0 the curves of Figure 6. This is a plot of drain and gate volt- 
VTHRESHOLD Vgs (V) age versus time for a power MOSFET driven with constant 


FIGURE 3. THIS PLOT OF THE SQUARE ROOT OF DRAIN 
CURRENT vs. GATE VOLTAGE DEFINES THE ae 
THRESHOLD VOLTAGE, Vyo, (Kp/2)°°, AND = 
Reources FOR THE POWER MOSFET. 


A 
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Rprain = Bypss/pc 
Ig =1mA 

TEST CIRCUIT 
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FIGURE 4. DRAIN CURRENT vs. DRAIN VOLTAGE OF THE FIGURE 6. PLOTTING DRAIN AND GATE VOLTAGES OF THE 
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GATE VOLTAGES. THIS CURVE DEFINES THE ON REROE Cov Ge OL ANDI ce 
RESISTANCE OF THE DEVICE. 21» “2a, G24» pinch 
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gate current (Ig).' The initial slope of the Vgg curve defines 
Co; (since for any value of gate voltage, Ves, less than 
threshold voltage, Vro, the power MOSFET is in its off-state, 
so that the gate-to-source capacitance, C,, charges linearly 
under constant-current conditions). AS Vo is reached, the 
low-voltage lateral MOSFET (Figure 2) turns on, and its 
drain voltage drops toward its minimum value. 


At the outset, the JFET is operating beyond pinch-off, and 
the slope of the Vps-versus-time curve is controlled by C53. 
However, when the drain voltage falls below Vpiwcy, the 
JFET conducts, strongly coupling Cy, to the JFET drain and 
greatly reducing the drain voltage slew rate. Thus, the value 
of C3 can be approximated from the steep slope of the VDS 
curve in Figure 6, while the value of C5;+Co3+Co,4 corre- 
sponds to the labelled Vegs slope. These values can be 
adjusted slightly to give the best slope fit. A trial value of 
VpincyH (and Vo) is given by the labelled intercept of the Vps 
curve. Adjustments of this value will control the length of the 
gate plateau voltage needed to complete the curve fit. 


Table I lists the preferred algorithm for parameter extraction; 
Table Il summarizes the required empirical inputs. Together, 
these tables will aid in setting up the parameters for evalua- 
tion of a power MOSFET with SPICE II and the subcircuit. 
As an example, Table 3 summarizes the input parameters for 
the SPICE II model and svocircuit, determined for the Harris 
IRF130 power MOSFET, using the approach just described. 
The IRF130 is rated at 14 amperes and has a 100-volt block- 
ing capability. 


TABLE 1. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 


1. Determine Kp of lateral MOS 
2. Determine Vro of lateral MOS 
3. Determine Co, 


4 Determine Co + Co3 + Coy 


5 Determine Rsource and JFET drain resistance 


6. Assign beta of JFET = 100 x Kp of lateral MOS 
ts Use trial VPINCH 
8. Use trial C2, and calculate Cz, 


9. Curve fit for slope by repeating step 8 with different values 
of C53. 


10. Adjust Veiwcy and Vro of JFET to fix gate-voltage plateau 


TABLE 2. EMPIRICAL INPUTS 


MOSFET Enhancement mode:W = L = 1pm; Kp (Figure 3); 
Vro (Figure 3); C’s = 0; Tox = 1E6um 


JFET Depletion mode; area factor = 1; Beta = 100Kp 
(Figure 3); Vro = -Vpinch (Figure 6); C’s = diode 
lifetime = 0; diode ideality factor = 1.0; Is = 1E - 20; 
Rp (Figure 4) 


ls from Figure 5; Ideality Factor = 1.0; Rg from 
Figure 5 (must be very much smaller than Rp); 
C (from Cogs); lifetime = best fit to Tar 


TABLE 2. EMPIRICAL INPUTS (Continued) 


ls = arbitrary; C = lifetime = 0; ideality factor = best 
low-current fit; R = best high-current fit 


lg = 1E - 13; C = lifetime = 0; ideality factor = 0.03; 
Rs =1 


LsourcE Approx. (5L)In(4L/d) nH; L and d are source wire 
inches 


TABLE 3 - INPUT PARAMETERS OF IRF130 TO SPICE MODEL 


SPICE PARAMETER HARRIS IRF130 VALUE 


LATERAL MOS 


[Tsource 


Lsource 7.5X1 0°H 


Implementing The Subcircuit in SPICE Il 


Table !V is the input listing for the implementation of the 
power MOSFET subcircuit in SPICE II software. Nodes are 
identified for drain, gate, and source of the power MOSFET. 
The subcircuit then "hooks" to these nodes wherever 
specified in the SPICE II simulation. Any number of power 
MOSFETs can be specified. The parameters listed are for an 
IRF130 power MOSFET. 
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The Results 


The real test oftheenhanced SPICE II model is how closely 
its predicted performance compares with actual measure- 
ments. Using the input parameters for the Harris IRF130 
device example given in Table Ill, we calculated transfer and 
Output curves for the model. These curves were then com- 
pared against measured static data. Figures 7 and 8 show 
the precise fit between predicted and measured static data, 
even at low values of drain voltage. 


To see how the model performs in dynamic prediction, we 
simulated first-quadrant operation (including avalanche 
mode) and third-quadrant operation for the Harris IRF130 


power MOSFET. Once again, the predicted performance of 
the enhanced SPICE Il model fits actual measurements sat- 
isfactorily over the entire operating range of the Harris 
IRFI30, as shown in Figures 9 and 10. 


To compare calculated switching performance versus actual 
measurement on the Harris IRF130, we used the enhanced 
SPICE Il model to generate switching curves. Figure11 
shows drain and gate voltages versus time with a constant 
gate-current drive. Figure 12 shows drain and gate voltages 
versus time for a step gate-voltage input. Actual measured 
data was then taken and overlaid on the points predicted by 
the enhanced SPICE II model. Again, the fit was accurate in 
each case. 


TABLE 4 - INPUT LISTING OF SUBCIRCUIT MODEL 
Listed Parameters Valid for a Harris IRFI30 Power MOSFET 


* THIS IS THE POWER MOS SUBCIRCUIT 
* NODE 3 IS THE POWERMOS DRAIN 

* NODE 2 IS THE POWERMOS GATE 

* NODE 11 IS THE POWERMOS SOURCE 


x 


* 


OPTIONS NOMOD NOLIST NOACCT NONODE LIMPTS=250 GMIN=1.0E-20 


.SUBCKT POWMOS 3 2 11 
.C21 2 1 900P 

.C23 2 3 40P 

.C24 2 4 1360P 
.FDSCHRG 4 2 VMEAS 1.0 
.MOS1 4 2 11 MOSMOD L=1U W=1U 
JFET 3 1 4 JMOD AREA=1 
.DBODY 1 3 DMOD2 
.RSOURCE 1 10 17.5E-03 
.LSOURCE 10 11 7.5N 
E415 1141 1.0 
.D156DMOD 

.VPINCH 6 8 DC 6.4 
.VMEAS 8 11 DC 0.0 
.DBREAK 3 7 DMOD3 
.VBREAK 7 1 DC 117 


.MODEL MOSMOD NMOS VTO=3.4 KP=6.40 TOX=1.0E+06U 


MODEL JMOD NJF VTO=-6.4 BETA=640 IS=1.0E-20 RD=42.5E-03 


.MODEL DMOD D IS=1.0E-13 N=0.03 RS=1.0 


.MODEL DMOD2 D CJO=1650P TT=70N IS=3.0E-12 RS=2.5E-03 


MODEL DMOD3S D IS=1E-13 RS=2.0 N=1.0 
-END 


* 


* 
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FIGURE 7. MEASURED SQUARE ROOT OF DRAIN CURRENT 
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(DRAIN VOLTS = 10) vs. GATE VOLTAGE FOR THE 
HARRIS IRF130 POWER MOSFET IS PLOTTED 
ALONG WITH THE CALCULATED VALUES FOR 
THE ENHANCED SPICE il MODEL. AN EXCEL- 
LENT FIT IS OBTAINED. 
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FIGURE 9. FIRST QUADRANT DRAIN CURRENT vs. DRAIN 


VOLTAGE WITH Ves HELD CONSTANT IS CALCU- 
LATED BY THE ENHANCED SPICE I] MODEL OF 
THE HARRIS IRF130 POWER MOSFET. NOTE 
THAT THE MODEL PREDICTS AVALANCHE 
BREAKDOWN. 
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FIGURE 8. PLOTS OF DRAIN CURRENTvs. DRAIN VOLTAGE 
FOR THE HARRIS IRF130 POWER MOSFET SHOW 
AN EXCELLENT FIT BETWEEN MEASURED VAL- 
UES AND THOSE CALCULATED BY THE EN- 
HANCED SPICE Il MODEL FOR VARIOUS VALUES 
OF CONSTANT GATE VOLTAGE. 
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FIGURE 10. THIRD-QUADRANT OPERATION OF THE HARRIS 
IRF130 SHOWS AGREEMENT BETWEEN THE 
PREDICTED VALUES OF THE ENHANCED SPICE Il 
MODEL AND ACTUAL MEASURED VALUED OF 
DRAIN CURRENT vs DRAIN VOLTAGE AT DIFFER- 
ENT VALUED OF CONSTANT GATE VOLTAGE. 
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FIGURE 11. THESE PLOTS OF DRAIN AND GATE VOLTAGES vs. TIME FOR CONSTANT GATE CURRENT SHOW AGREEMENT 
BETWEEN THE PREDICTIONS OF THE ENHANCED SPICE II MODEL (a) AND MEASURED PERFORMANCE OF THE 


HARRIS IRF130 POWER MOSFET (b). 
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FIGURE 12. SWITCHING PERFORMANCE OF THE HARRIS IRF130 POWER MOSFET IS CLOSELY PREDICTED BY THE ENHANCED 
SPICE li MODEL IN THIS PLOT OF MEASURED AND CALCULATED VALUES OF DRAIN AND GATE VOLTAGES vs. 


TIME IN A STANDARD SWITCHING CIRCUIT. 
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FIGURE 13. THE CALCULATED THIRD-QUADRANT DIODE RECOVERY WAVEFORM OF THE ENHANCE SPICE Il MODEL SHOWS 
GOOD AGREEMENT WITH THAT ACTUALLY MEASURED FOR THE HARRIS IRF130 POWER MOSFET 


Finally, the enhanced model was used to compare calcu- 
lated and measured body diode (Dgopy in Figure 2) recovery 
time curves in third-quadrant operation of the Harris power 
MOSFET. Figure 13 shows the good agreement between 
predicted and actual results. 


This approach provides excellent results when there is a 
need to model the performance of a power MOSFET. Not 
only will the approach update SPICE Il (or other circuit 
simulation CAD program) so that it will simulate the latest 
state-of-the-art in MOS power, but it will allow quick analysis 
of every static and dynamic characteristic for suitability in a 
proposed design. 
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THE CA1523 VARIABLE INTERVAL PULSE REGULATOR 
(VIPUR) FOR SWITCH MODE POWER SUPPLIES 


Author: W. M. Austin 


The CA1523, Variable Interval, Pulse Interval Regulator The special features of the CA1523, including a slow-start 
(VIPUR) is a monolithic integrated circuit designed for use in controlled power-up and mode sensitive logic control of the 
switch mode power supply (SMPS) systems. The output pulse, provide several advantages in power supply 
advantages of both pulse interval modulation (PIM) and applications. Intrinsic controls for adjustment of the pulse 
pulse width modulation (PWM) are combined in the VIPUR and frequency modulation range allow easy use of the 
circuit. Figure 1 shows the block diagram and external circuit CA1523 in a variety of SMPS systems, but especially those 
used in a typical CA1523 switching regulator circuit. where line isolation is required. 
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Systems that require line-isolated power supply voltages 
may be powered with the CA1523 regulator in a transformer 
flyback-converter system like the one shown in Figure 2(a). 
This system is particularly useful in meeting rigid safety 
standards when interfacing between workstation equipment 
or modular consumer audio and video instruments is 
required. Less stringent interface requirements may permit 
the use of regulators with a common ground for both the 
switching controller and power supply outputs; examples of 
these regulators are the flyback converter of Figure 2(b) or 
the buck converter regulator of Figure 2(c). However, the 
application of most interest is the line isolated type shown in 
Figure 2(a). 


VUNREG 


+VREG 


+VREG 
COMMON 


-VREG 


VUNREG o 


VUNREG o 


c) Buck Converter Regulator 


FIGURE 2. THE CA1523 IN SWITCH MODE POWER SUPPLY 
SYSTEMS . 


The PWM system is a popular mode of control in switching 
power supplies, as noted in the wide use of the CA1524. The 
counterpart of this mode of control, the PM system, was 
used extensively in the early period of switching power 
supply development. Both methods of control have their 
advantages and disadvantages. PWM offers effective control 
over a wide range of power supply loads. However, at the 
lower end of the load range, the PWM becomes limited 
because of the minimum pulse width, Ton, required. In 
addition, the rise and fall time of the drive pulse of the power 
switching transistor must be slowed down to meet RFI and 
EMI requirements. On the other hand, the PIM can handle 
low loads better because the duty cycle is reduced by 
increasing the pulse interval. However, the low range of the 
operating frequency may cause filtering-related problems in 
audio or other sensitive instruments. Another problem with 
PIM at the low-frequency end is the related conversion 
losses. 


The CA1523 is primarily a PIM controller with built-in PWM 
correction over a 2-to-1 pulse width range. For a frequency f 
and an associated period T, the pulse width reduces from a 
maximum width of T/2 (50% duty cycle), corresponding to 
the highest frequency at the maximum load limit, and 
approaches T/4 at the lowest frequency and minimum load. 


The combination of both PIM and PWM control effectively 
compresses the operating frequency range over that of a 
pure PIM control for a given range of load. The combined 
CA1523 VIPUR advantages at minimum frequency include 
reduced losses and low ripple with improved efficiency and 
regulation. Pulse-width correction done simultaneously with 
pulse-interval correction produces an inherent gain magni- 
tude of approximately 2 at 50% duty cycle under high-load 
conditions. This feature helps in keeping the error-amplifier 
gain low, and improves stability without the addition of 
expensive external components. 7 


Features of the CA1523 


As shown in Figure 1, the output drive pulse of the CA1523 
is modulated and mode-controlled by several system 
features: 


1. The output drive pulse has a maximum continuous 
+50mA capability into an 1800pF load. 


2. The peak transient load is +300mA and -200mA for a 
maximum of ips. 


3. The maximum pulse width can be controlled by choice of 
the timing capacitance at pin 14 and the current-sense 
resistance at pin 2. 


4. The output-pulse rise and fall time can be controlled by 
choice of the rise/fall-time capacitor at pin 4. 

5. The slow-start threshold of the pulse output is controlled 
by choice of the resistance at pin 2. 

6. The output-pulse interval is rate controlled during power- 
up by the slow-start RC-charge time constant at pin 10. 

7. Maximum output frequency is in excess of 200kKHz, and is 
user controlled. 
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8. Output pulse interval and width corrections are main- 
tained by the error voltage feedback to pin 1. 


9. The standby on/off switch between pins 7 (Vcc) and 12 
controls the output pulse. As an option, the on/off function 
may be controlled by logic-ievel switching at pin 12 or by 
line-isolated switching using an optical coupler. 


10. Overcurrent shutdown may be controlled by using a 
sense resistor in the load circuit to shut down the output 
drive pulse. 


Other features of the CA1523 include: 


1. A substantial level of ESD (electrostatic discharge) 
protection designed into the interfacing pin terminals of 
the chip. 


2. An 8.4V internal zener voltage reference for the on-chip 
bias circuits. 


3. A1.21V bandgap that provides a stable voltage reference 
for bias to the timing circuit and error amplifier. 


4. NOR logic control of shutdown of the output pulse under 
fault conditions for low Voc, on/off, and overcurrent. Pin 
9 is a monitor or output indicator of a fault condition. 


5. Availability in an economical 14 pin DIP package. 
Control Structure Of The CA1523 
The CA1523 has five primary circuit functions: 


1. Error amplification 

2. Pulse/frequency modulation 

3. Pulse driver/output amplification 
4. Slow-start power-up control 

5. System logic control 


The block diagram of Figure 1 shows the interrelated 
functions of the circuit. When the system raw B+ is switched 
on, the slow-start function controls the pulse/frequency 
modulator, P/FM, until the voltage at pin 10 is greater than 
7V. 


Standby conditions then exist until switch S1 is closed. In the 
standby mode, the P/FM maintains a maximum frequency 
Output with a 50% duty cycle. After switch S1 is turned on, 
the output amplifier is enabled and the P/FM response is a 
function of the error voltage at pin 1. The error amplifier 
accepts error-correction inputs and controls the pulse and 
frequency modulation. The P/FM output pulse is then 
amplified in the driver and output stage. 


Figure 3 shows the timing-circuit schematic of the CA1523. 
For a given timing capacitance, Cy, the maximum frequency 
of the P/FM circuit is determined by the current-sense bias 
at pin 2. The current-sense level, Is, is set by the fixed 
resistor at pin 2, Rs, which goes to ground. A resistor divider 
reference at the base of Q92 of differential amplifier Q91, 
Q92, is approximately Voc /2. The differential amplifier feeds 
back, via Q17C, any error in the balance of Q91 and Q92, 
while holding the pin 2 voltage at the Voc/2 reference level. 
The differential emitter current is supplied by Q93, and is 
determined by the bandgap bias voltage of 1.21V at the 
base of Q93. 


The differential emitter current is aprroximately equal to the 
collector current of Q17C; the collector currents of Q17A and 
Q17B are current mirrors to the collector current of Q17C. 
The currents I-/2 and Ic provide the P/FM charge and 
discharge timing, and are, respectively, the collector currents 
of Q17A and Q17B. The current ratio is '/.-to-1 to accommo- 
date a 50% duty cycle at maximum frequency and load 
conditions. When start-up conditions exist, and the pin 1 
error voltage is low, Q6 passes all of the |-/2 current to Q11. 
Since Q11 and Q18 are current mirrors, the collector of Q18 
discharges the timing capacitor, Cy, at pin 14. The state of 
the flip-flop, FF1, determines whether Qi5 will conduct 
current Io from Q17B into the timing capacitor. 


When Q18 is discharging current from Cry at an |(/2 rate, 
and Q15 is charging Cy at an Ic rate, the net charge current 
is |°/2. This is an FF1 high state for the Q output, and Q16 
is cut off while Q15 is conducting current Ic. The positive 
voltage ramp at pin 14 increases until the V;, comparator 
toggles at the 5V reference to the inverting input, resetting 
FF 1, with the Q output going low. When Q is low, Q15 is cut 
off, and no charge current passes to Cy. Timing capacitor 
Cr is then discharged by Q18 at a maximum rate of |,/2. 
The discharge ramp continues until the voltage at pin 14 
reaches 2.5V, when the V, comparator toggles the S input of 
FF1 to a high state. The cycle of charge/discharge to timing 
capacitor Cy is complete when the Q output of FF1 goes 
high in response to the high at the S input. 


The above operation occurs when the error voltage is lower 
than the 6.8V differential input reference, a condition that 
allows the full Ip/2 discharge of Cy by the Q11 and Q18 
current mirror. After being turned on from the line power 
source, the slow-start function shunts Q6 collector current 
through Q2. As a result, the Q11,QI8 current mirror initially 
receives little or no forward bias current, and Cy; cannot be 
discharged. As the slow-start voltage increases, the current 
in Q2 decreases, allowing Q11 and Q18 to discharge Cy at 
an increasing rate. As long as the error voltage at pin 1 
remains below the 6.8V reference level, the charge and 
discharge rate is at the 50% duty cycle condition. 


In reference to the slow-start circuit of Figure 3, an increase 
of the slow-start bias on capacitor C2 at start-up exercises a 
decreasing degree of control over the discharge timing. If the 
current-sense adjustment at pin 2 is typically less than 
100pA, there will be a full frequency range of slow-start 
control, and the range of increasing pulse width will be 2 to 
1. Higher pin 2 bias currents will reduce the range of 
frequency control. The input to pin 10 drives the base of 
p-n-p transistor Q34. A 30kQ emitter resistor, R22, is 
returned from Q34 to an internal 7.7V bias source. Transis- 
tors Q1 and Q2 mirror the Q34 collector current and shunt 
the Q6 collector current away from Q11, reducing the dis- 
charge current in the timing control circuit. As an example, 
with 4V at pin 10, there are approximately 3V across emitter 
resistor R22. This arrangement allows the discharge current 
to be controlled over a range of 100A. A bias resistor in the 
range of 56kQ to 68kQ between pin 2 and ground is sug- 
gested for a full range of slow-start control. Higher levels of 
pin 2 sense current increase the |,/2 current beyond the full 
range of the slow-start bias control at pin 10. 
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When a power-on condition has been established, slow-start 
completed, and S1 switched on, the CA1523 begins normal 
regulation through error-voltage control as follows. When S1 
is switched on, maximum energy conversion occurs in the 
switched transformer. The supply voltage approaches nor- 
mal regulation level, and the error voltage increases toward 
the 6.8V reference level. The error voltage is set by a 
resistive divider ratio determined from the rectified voltage of 
the transformer sense winding. The Q5, Q6, Q7, and Q8 
differential controls the Q6 current to the Q11, Q18 current 
mirror, decreasing Q6 current as the error voltage increases. 
A portion of the I-/2 current from Q17A is passed by Q6. 
This current controls the P/FM output pulse and maintains 
regulation at the desired level, as determined by adjustment 
of the divider at pin 1. Pulse output continues from FF1 
during regulation, but at a reduced rate and with reduced 
pulse width. The Q output of FF1 is always high during the 
positive ramp at pin 14, a condition of maximum charge 
current to C7. At minimum load, the pin 1 voltage increases, 
and the net charge current for the positive ramp is higher 
because Q18 is discharging less current. For example, if the 
error voltage at pin 1 is forcing half of the I-/2 current to Q7, 
the Q6 current is I>/4, and the net positive ramp charge 
current at pin 14 is: 


Io-lo/4=3l¢/4 


The net negative-ramp discharge current is then |>/4. What 
had been a maximum charge and discharge rate of |,/2 at 
start-up is now pulse-interval and pulse-width modulated to 
provide a 3 to 1 charge/discharge ratio. 
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To generalize, we can establish the range of error correction 
by assigning a k factor to the decimal portion of the Q17A 
collector current that is shifted from Q6 to Q7. Let k = 0 when 
V,; (pin 1 voltage) is low and all Q17A current (I-/2) flows 
through Q6 to discharge pin 14. k = | when all Q17A current 
is shifted to Q7 and there is no discharge current to pin 14. 
The maximum rate of charge and discharge is established 
by the sense current, Is at pin 2; Is is approximately I-/2. 


Since: 
= (1/C) x Jidt 
For a constant rate of charge (or discharge) current: 


Vin- Vy = Icharge (OF luischarge) X (ta - ty)/C. 
And: 


Ton(Max) = (Vp - Vi)Cr/Is. 
From Figure 3, the range of (V}, - V;) is approximately (5.0 - 


2.5), or 2.5V, and Is is approximately equal to Vc-/2 divided 
by Rs. 


The above information is used to establish the pulse interval 
or system frequency. The frequency is the reciprocal of 
Ton(charge) plus Torr(discharge). As V, increases, k 
increases. The positive ramp charge current to pin 14 and 
Cr is: 


Icharge = 'c - (Ic/2)(1 - k) = 2g - Ig(1 - k) = Ig(1 +k). 
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FIGURE 3. PULSE/FREQUENCY MODULATION AND TIMING CIRCUIT FOR THE CA1523 
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Since Ic is cut off during discharge: 
discharge = Is(I - k) 
Therefore, during charge: 
Ton = (Vn - Vi)CTHIs(1 + k)] = Ton(max)/(1 +k) 
and, during discharge: 
Torr = [(Vp - Vi)CTVIIg(1 - k)] = Ton(max)/(1 - k) 
Note that Toy approaches Tox(max)/2 as k approaches 1. 
This is the condition of minimum power supply load. With the 
time conditions for Tox and Torr, established, the frequency, 
f, can be defined as: 
f= 1(Ton + Torr) = (1 - k*)/2Toy(Max) 
Since the maximum frequency occurs at k = 0: 
fax = 1/2Ton(Max) and 
= fyyay(1 - k?) = (1 - k7)/2T oy (Max). 
The duty cycle is Ton/(Ton + Tore) which, by substitution, is: 
D=(1-k)/2 
Since k is the current split ratio of the input differential 
amplifier, the differential equation applies, that is: 
k= 1/(1 + e4V/n) 


where e is the natural log value of 2.718, h is KT/q (=26mvV), 
and AV is Vy-Vaee The equation for k is approximate, but 
provides a reasonably accurate transfer function for the 
CA1523 when output pulse width, frequency, and duty cycle 
may be calculated for given values of (V, - Vpgr). 


As k goes to 1, the frequency goes to zero, implying a no- 
load condition on the power supply. This is an improbable 
condition; however, the lowest system frequency is always 
determined by the minimum power supply load. 


The timing circuit of the VIPUR is a stand-alone pulse 
generator in which the Q output of FF1 is amplified by the driver 
output circuit of Figure 4, subject to the logic control of transistor 
Q33 and the proper logic-state control for the slow start (SST), 
ON, Vcc, and overcurrent (OC) inputs shown in Figure 5. 
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time cap. (4) 
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FIGURE 4. CA1523 DRIVER AND OUTPUT STAGE 
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FIGURE 5. CA1523 LOGIC CONTROL DIAGRAM 


The test circuit of Figure 6 demonstrates the pin 2 current 
sense (Ig) range using timing capacitance values of 100pF, 
240pF, and 470pF. Figure 7 shows the frequency versus ls 
current at pin 2. Figures 8 and 9 show the range of pin 6 
pulse width and duty cycle. Since the curves of Figures 7, 8, 
and 9 were determined with V,; at approximately 5.9V (much 
less than the 6.8V reference) maximum frequency conditions 
apply to all Figure 6 curves. With the rise/fall-time capaci- 
tance of 68pF at pin 4, the rise/fall delay will affect the duty 
cycle when the frequency is greater than 120kHz. Removing 
the pin 4 capacitance will extend the maximum frequency to 
well above 200kHz. However, use of the rise/fall-time delay 
function is important to the control of EMI and RFI. The 
optimum rise/fall capacitance value is chosen to assure a 
50% duty cycle at the maximum frequency with a reasonable 
margin in design tolerance and, for the system requirements, 
to ensure compliance with EMI and RFI requirements. 
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FIGURE 6. VARIABLE-INTERVAL SWITCHING-REGULATOR 
TEST CIRCUIT USED TO OBTAIN TIMING CURVES 
OF FIGURES 7, 8, AND 9 
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Where there are no external system restrictions on the 
operation of the CA1523, and the function is that of a pulse 
generator, very large values of capacitance may be used at pin 
14 to achieve very low pulse frequencies. External resistor 
loading at pin 14 will contribute a nonlinear slope to the other- 
wise linear sawtooth there. This nonlinear contribution can also 
be noted in the waveform at pin 14 if the timing capacitor has 
less than 10MQ leakage. Very low values of Is are not recom- 
mended because the balance of charge and discharge currents 
is, to some degree, affected by base bias and junction leakage 
currents. As noted by the degradation of duty cycle balance in 
Figure 9, and for practical reasons, Ig should be greater than 
20nA. The upper limit for Ig is determined by the maximum 
available collector current from Q17C, which is typically 350A. 
200 
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180 4 Vy =5.9V ~ 

Vg =11V Cy = 100pF 
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FIGURE 7. PULSE/FREQUENCY MODULATOR CHARACTERIS- 
TIC OF FREQUENCY vs. TIMING CAPACITOR C, 
AND SENSE CURRENT lg (Ta = +25°C, V, =5.9V, 
V5 = 11V, Voc= 13V.) 
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FIGURE 8. PULSE/FREQUENCY MODULATOR CHARACTERIS- 
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FIGURE 9. PULSE/FREQUENCY MODULATOR CHARACTERIS- 
TIC “ON” DUTY CYCLE (PIN 6) vs. CURRENT SENSE 
(PIN 2). 


CA1523 Generated Waveforms And Delays 


The signal waveforms of the CA1523 are shown in Figure 10, 
and are based on the test circuit of Figure 6, where Rg is 
adjusted fora maximum frequency of 100kHz. Because the 
sink and source current drivers of the timing capacitor, Cy, are 
constant current generators, the waveform at pin 14 is a very 
linear sawtooth. As noted in Figure 4, the waveform at pin 4 is 
derived from the Q75 sink and Q76 source drive currents, but 
is normally clipped at the top and bottom. The positive tip of 
the pin 4 signal is set by a positive clamp from two series 
diodes to an internal 3V bias source, providing a clamp level 
of approximately 4.5V. The bottom, or negative, truncation is 
the result of a current sink depletion of the charge on the rise/ 
fall-time capacitor at pin 4. The degree of waveform clipping is 
determined by the maximum operating frequency and the 
value of the rise/fall time capacitor at pin 4. 


In Figure 4, the rise, delay, and fall times of the input drive 
signal, Q, are controlled by the capacitance at pin 4, ampli- 
fied, and output at pin 6. The Q input, a square wave output 
pulse from the timing generator (Figure 3), drives the rise/fall 
capacitor via the Q73 buffer and the Q74, Q75 current mir- 
ror. Rise time is determined by the Q76 constant current 
source. As such, the sink and source currents control the 
voltage at pin 4. Capacitance loading at pin 4 provides a 
controlled rise and fall delay time. With the 68pF capacitance 
shown in Figure 6, plus 10.5pF probe capacitance, the 
waveforms are as shown in Figure 10. A rise-time delay of 
1.6us is noted at the 2.1V point on the pin 4 waveform. The 
signal at pin 4 drives the base of Q78 and, through a resistor 
divider, Q79. Approximately 2.1V is required at pin 4 to 
switch Q79 and set the delay, which can be calculated from 
the rise time equation for constant currents. The source cur- 
rent from Q76 is approximately 100A, and the delay, Ty, is: 


Ty=VC/l = [(2.1V)(68 + 10.5pF)/(l00pA) = I.6us 


If the rise time capacitor at pin 4 is too large, the peak volt- 
age will be reduced below the positive clamp level. This con- 
dition will cause the on-time duty cycle at pin 6 to be 
increased. The rise ti me capacitor at pin 4 must be adjusted 
to restore the duty cycle to 50% at the maximum frequency 
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condition. When no external capacitor is used at pin 4, maxi- 
mum operating frequencies in excess of 300kHz are possi- 
ble. An example of the typical CA1523 pulse output 
capability at high frequency conditions is provided below. © 


Using the circuit conditions of Figure 6 with no pin 4 capaci- 
tor, ls = 160HA, and Cy = 50pF, the pin 6 output pulse is: 


t, = 250ns 

f(MAX) = 312kHz 

Ton(Max) = |.6us 

Ton(Min) = 0.8p1s 
Additional delay in the pin 6 output drive pulse may result 
from the conditions of loading. The normal specifications for 
the CA1523 are given for a 68pF rise/fall-time capacitance at 
pin 4 and an 1800pF output capacitance loading to reflect 
typical drive requirements for a power-FET switch transistor. 


The rise and fall times for 1.8V and 10V thresholds at the V6 
output are typically t, = 600ns and t; = 200ns. 


Vg PULSE 
12-6 
tse 
“= 7: 
>" 
oo} 
2 e+4> : 
“oS Ww H 
> : : 
E = i Via 
= i i TIMING 
- 632 ; 
> 
3° 7 ee 
ww oO : V 
77) © 4 
2 ytenn RISE TIME 
o. Z| A WAVEFORM 
o 
< 
= 
2112 
0 10 20 


TIME (us) 


FIGURE 10. SIGNAL WAVEFORMS OF THE CIRCUIT OF FIGURE 4 
(WITH 10.5pF TEST-PROBE LOADING). (Cy = 240pF, 
Rg APPROXIMATELY 39kQ, Fayax) = 200KHz.) 


Application Circuits — 
TV Monitor Flyback Converter 


Figure 11 shows a typical television receiver application of 
the CA1523. Line isolation permits use of the TV receiver as 
an RGB or composite-video DC-coupled monitor. In this 
system, the switching transformer isolates the power line 
from the signal circuits of the TV receiver. As shown in the 
block diagram of Figure 11, 120Vac is connected through a 
fuse to the bridge rectifier and a step-down transformer, T2. 
The rectified output of the step-down transformer is used as 
a 16V standby power supply for the TV control module. The 
control module, in response to the user input control, 


switches Q2 on and off to control turn-on of the VIPUR 
regulator through the optoisolator. The bridge rectifier 
supplies a +150V raw B+ to the VIPUR start-up circuit and to 
the primary of the switching transformer, T1. After start-up, 
the run supply provides a regulated +Vcc for the CA1523 
from the sense feedback circuit. In normal regulation, the 
VIPUR drives the Q1 power MOSFET, which switches the 
primary of T1. T1 converts regulated power to the cold 20V, 
25V, and 50V levels required for the power supply outputs 
and the run-supply circuit. | 


Figure 12 explains the on/off operation of the switching 
power-supply portion of the converter application. The logic 
function maintains control of the on/off operation of the 
system. In the off state, the system remains in a standby 
mode as long as the 120Vac is connected. Standby power is 
supplied via the start-up circuit, which consists of R2 and the 
11V zener diode CR3. Continuous start-up bias is supplied 
to the +Voc function at pin 7, the on/off input at pin 12 via the 
optoisolator, and the slow-start circuit at pin 10. The 11V 
source is connected to the pin 7 +V¢o function via the 
forward biased diode, CRI3. The logic function inputs (as 
previously noted in Figure 5) are the B+ sense from pin 7, 
the slow-start function at pin 10, the on/off function at pin 12, 
and the overcurrent function at pin 11. The logic function 
responds to a voltage level for each input and, if the voltage 
range of a required input is not met, shuts down the output 
amplifier, so that no pulses appear at pin 6. After start-up, 
normal operation is resumed when the on/off input is greater 
than 2.5V, the peak overcurrent input is less than 1.2V, and 
the B+ sense has determined that +Vcc is greater than 8.4V. 
The slow-start function controls the gradual start-up of the 
pulse and frequency modulation functions such that a slow 
RC rise time at pin 10 is synonymous with a slow decrease 
of the pulse interval. As the pin 10 voltage increases, the 
slow-start allows a gradual increase of the |-/2 discharge 
current. As the voltage at pin 10 increases from 3V to 7V, the 
full range of slow-start control over the P/FM changes from 
zero to maximum frequency. The RC time constant 
consisting of R1, C7, and R3 controls the slow-rise voltage 
at pin 10. The slow increase controls the power-up rate and 
limits the start-up dissipation in power MOSFET Q1. 


The on/off function could be controlled by an insulated man- 
ual switch or a relay. However, the optoisolator has the 
advantage in that it can be remotely controlled with low 
standby power. The overcurrent shutdown voltage is sam- 
pled from the source terminal of the power MOSFET, Q1, to 
assure that peak currents in the transformer primary circuit 
will be fault-mode limited. When start-up is complete, the run 
B+ is greater than the start-up supply voltage from the 11V 
zener diode, and CR13 is reverse biased. The on/off and 
slow-start input circuits remain under the control of the 11V 
start-up source, but the VIPUR power supply is transferred 
to the well-regulated run B+ supply derived from the sense 
winding of the transformer. _ | 


Figure 13 shows the VIPUR switching-regulator output opera- 
tion as it functions in a normal feedback mode. As explained 
above, the error amplifier at pin 1 is differentially compared to 
a 6.8V internal reference. The error amplifier supplies the cor- 
rection signal for the P/FM. Pulse and frequency modulation is 
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controlled by timing-capacitor C15 and sense-current resistor 
R9. The output amplifier is controlled by the logic input; its rise 
time is controlled by capacitor C14. Zener-diode CR12 and 
resistor R13 are used to protect the gate of power MOSFET 
Q1. As Q1 switches the raw B+ current through the primary of 
the ferrite transformer, T1, power is supplied to the output wind- 
ings and the sense winding. The pulse in the sense winding is 
rectified, and supplies run power to the CA1523 and error feed- 
back to pin 1 through the resistor divider. The ratio of resistor 
R8 to the parallel trim resistors R4, R5, R6 and R7 sets the out- 
put voltage of the CA1523. The required output voltage of the 
regulator is determined by clipping resistors from the PC board. 


A limited-range potentiometer adjustment may be used to 
control the regulator output, but this approach can be poten- 
tially dangerous if the high voltage of the CRT is not limited in 
some way. The fixed resistor-divider network is preferred for 
safety reasons. Because of the tight coupling of the trans- 
former windings, the sense winding reflects the input-voltage 
changes and output-loading conditions. The preferred run B+ 
is 12V to 13V. The product of the resistor-divider ratio and the 
run B+ voltage should be, typically, 6.8V. When working with 
direct AC line power supplies, an isolation transformer must 
be used for hot AC line protection. Figure 14 joins together the 
circuits referenced in Figures 11, 12, and 13. The parts of the 
circuit connected to the “hot” line are identified at the center of 
the schematic. In addition to the circuitry discussed above, 
Figure 14 shows various chokes, bypass capacitors, and fer- 


rite beads used in conjunction with the diode-rectifier filtering. 
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These components are normally required to improve filtering 
and to reduce EMI and RFI. 


CA1523 Buck Converter Switching Regulator 


Figure 15 is the circuit schematic of a buck-type regulator 
useful in lower-voltage applications with a nominal raw B+ of 
28V and an input tolerance range of 18V to 38V. This circuit 
has been chosen to illustrate some of the special capabilities 
of the VIPUR circuit; but, for the most part, these features 
are applicable to any other circuit controlled by the CA1523. 
The circuit of Figure 15 has special start-up features that 
minimize standby current in zener diode Z1 and make use of 
the internal zener diode for slow-start control. As shown, the 
error feedback voltage has been made adjustable over a typ- 
ical range of 6.8V to 13.5V. The pulse frequency range is 
typically 25kHz to 75kHz, and the regulation at a nominal 
12V output is typically 0.3%. 


This circuit normally requires an output transformer only when 
it is desirable to isolate the output from the input. The pulse 
output of the CA1523 is inverted in a 2N2102 and used to 
drive an RFP8P10 p-channel enhancement mode power FET. 
The power FET is driven by the 2N2102 through a resistive 
divider that limits the maximum source-to-gate voltage. In the 
drain circuit of the power-FET output there is a shunt RUR- 
820 fast-switching catch diode followed by a filtering circuit 
comprising a 0.5MH choke and a 470pF capacitor. 
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FIGURE 14. APPLICATION OF THE CA1523 VIPUR IN RCA CTC-130 TELEVISION CHASSIS POWER SUPPLY MODULE (SEE 1985 
CTC-130C SERVICE NOTES) 
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110 (NOM): 10pA FREQ.: 25kHz TO 75kHz 
Iyo (NOM) AT 11V: 1.64 TYPICAL 12V REG: 0.3% 


FIGURE 15. BUCK REGULATOR FEATURING ADJUSTABLE OUTPUT VOLTAGE AND SLOW START USING CA1523 ZENER 
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The raw B+ input may be a 28V battery source or the filtered 
output of a bridge rectifier supplied from a line isolated step- 
down transformer. The start-up components are substan- 
tially different from those shown in the transformer-isolated 
flyback-converter circuit, although, as noted, the start-up cir- 
cuit shown here may be applied in either system. If the out- 
put voltage range of the regulator is chosen, as it is typically, 
to be 11V to 13V, transistor Q1 conducts only for a brief 
period after S1 is closed. The run B+ is supplied through 
diode D1 to +V¢c at pin 7, and the emitter of Q1 is reverse 
biased after the power-up cycle is complete. This situation 
substantially reduces the continuous running dissipation of 
zener Z1 and resistor R1. 


Even when the Vpeg voltage is less than the zener voltage 
level, the base current to Q1 is a fraction of a milliampere ina 
normal run mode. However, more base current is required to 
charge C4 at line turn on. After start-up is complete and the 
standby on/off switch is closed, approximately 1.6mA of cur- 
rent is supplied to pin 12. Typically, less than 2mA are needed 
to sustain idle current to zener Z1. The difference in these 
losses for the circuit conditions shown in Figure 15 versus 
those shown in Figure 14 is approximately 2mA versus 35mA. 
A number of bias options are available for implementing the 
error-voltage feedback; most of the options are adaptable to 
either the buck regulator or the transformer flyback-converter 
system. Either system must feed back a sense return voltage 
of approximately 6.8V to pin 1. It is not required that the 
CA1523 be powered by the sense return voltage, but if it is, 
the voltage should be approximately 11V to 13V. The CA1523 
will operate over a supply-voltage range of 9.5V to 15V. 


The buck regulator circuit of Figure 15 shows an output volt- 
age adjustment range ratio of 2 to 1. The adjustment range is 
from the typical 6.8V error-reference level to 2 times the error- 
reference level. If diode D1 is removed and Q1 used with 
zener Z1 to supply the run B+ for regulated +Voc, higher lev- 
els of output can be set by reducing the divider ratio, R10 (R9 
+ R10). With a ratio of 3 to 1, the typical output voltage will be 
3 times 6.8V or 20.4V. Of course, under this condition, the 
Vunrec input voltage must be higher than 20.4V by the 
amount of the saturated voltage drop in the power FET. If the 
error input to pin 1 is directly connected to the Vareg output, 
the typical output voltage is 6.8V. VacG output voltage levels 
less than 6.8V cause two concerns. First, the return resistor 
divider that sets the output voltage level must be referenced to 
a positive voltage greater than 6.8V. Although a concern, this 
condition is feasible. The second concern, that of using the 
11V zener supply, is more serious. When the Z1 reference is 
used, a power-down condition may allow the Varg output volt- 
age to increase when zener voltage collapses. When that 


happens, pin 1 voltage will decrease and the error voltage will 
increase the pulse output drive, increasing Varg. A proper 
choice of components can avoid the turn off output voltage 
peaking problem when the raw B+ collapses, and even extend 
the low voltage regulation range. 


The circuit of Figure 16 shows the use of the internal zener 
diode at pin 13 as a reference for the return divider from the 
output Vagce voltage source. An optional adjustment method 
using the start-up zener, Z;, is also shown. For the circuit of 
Figure 16, the range of this adjustment is 2V to 13V. 


Using the CA1523 as a VCO Pulse Generator and Driver 


The uses of the CA1523 VIPUR discussed above are appli- 
cation specific to a switch-mode controller for power sup- 
plies. Figure 17 shows the CA1523 as a general-purpose 
Vco pulse generator and driver circuit with a minimum of 
external components. The Veo control input is at the base of 
the external transistor Q1, which provides a linear current 
drive to the current sense, pin 2. For a given timing capaci- 
tance at pin 14, a 50% duty cycle pulse frequency at pin 6 is 
controlled by the pin 2 current. The frequency is linear, with 
the Vco input to Q1. The pin 1 error voltage is biased low, 
but may be gated to provide synchronous burst control of the 
Vco output. Some of the typical characteristics and features 
of this circuit are listed in Table 1. The drive capability of the 
pulse output from pin 6 has been noted to be as much as 
+50mA continuous for an 1800pF load. The internal zener 
bias and bandgap reference sources keep the frequency 
output very stable over a power-supply range of 10V to 15V. 


TABLE 1. TYPICAL CHARACTERISTICS AND FEATURES OF 
VCO PULSE GENERATOR AND DRIVER CIRCUIT 


CHARACTERISTIC 
loc 


ee 
200kHz (for C,4 = 240pF) 
Ce 
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FIGURE 17. Vcg PULSE GENERATOR AND DRIVER CIRCUIT 
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SP600 AND SP601 AN HVIC MOSFET/IGT DRIVER FOR 
HALF-BRIDGE TOPOLOGIES 


Author: Dean F. Henderson 


The interfacing of low-level logic to power half-bridge config- 
urations can be accomplished by an 500Vpg¢ intelligent IC, 
the SP600 series driver, which is designed for up to 230Vac 
line rectified operation. The primary function of the high volt- 
age integrated circuit (HVIC) is to drive n-channel MOS 
gated power devices in totem pole configuration. Compatible 
with current-sensing MOSFETs/IGTs, this HVIC provides 
overcurrent shutdown, simultaneous conduction protection, 
and undervoltage lockout. Logic level inputs provide noise 
immune control of power element switching. 


The SP600 has demonstrated high frequency (130 kHz) 
operation as well as the ability to withstand high dv/dt. Its 
semicustom design flexibility makes it easily adaptable to a 
wide range of single and multiple phase applications. Other 
salient features of the device are described below. 


Technology Overview 


BiMOS structures are implemented in a junction-isolation 
process, known as “lateral charge control’,' that supports 
high voltage laterally. By the use of this thin epi process, low 
voltage analog and digital circuitry can be combined mono- 
lithically with high voltage transistors. Low voltage circuits 
can be constructed to float up to 500Vpc¢ with respect to the 
substrate. Additionally, 5|00Vp¢ NMOS and n-p-n transistors 
can also be fabricated. Since this process conforms to 
mainstream low voltage IC manufacturing, it is cost effective. 


Totem Pole Drivers 


Historically, designers have been faced with awkward deci- 
sions regarding the upper-rail drive of bridge topologies. P- 
channel MOSFETs, while easy to drive, are more than twice 
as expensive as equivalent n-channel devices having the 
same rds(on). Economic barriers and product availability 
generally prohibit design beyond 200Vpc. On the other 
hand, the driving of upper rail n-channel MOS gated devices 
requires a floating gate supply that must be 5 to 20Vpc> 
greater than the upper rail link. While several discrete 
approaches for implementing this floating supply are known, 
the designer is burdened with additional components and 
potential dv/dt problems associated with voltage translation. 


The SP600 series driver provides the economical solution as 
an intelligent totem pole n-channel driver. With the addition 
of as few as five, user defined, external, passive components 
(three if current detection isn’t employed) a functional half- 
bridge driver can be built that has the following features: 


Copyright © Harris Corporation 1992 


¢ Creation and management of a 15Vpc upper-rail power 
supply 
Ability to interface and drive standard and current sensing 
n-channel MOSFETs/IGTs 


Shoot-through protection 

Overcurrent protection 

Undervoltage lockout 

CMOS logic-level input compatibility 

Semicustom flexibility through metal-mask changes 
e Standard 22-pin DIP packaging 


Theory of Operation 


Figure 1 is the basic block diagram of the SP600. CMOS 
logic compatible input signals are filtered to ensure reliable 
operation when the device is subjected to noisy industrial 
environments. Digital commands at TOP and BOTTOM 
inputs cause the upper or lower drivers, respectively, to turn 
on or off. The Itaip se_ect input provides a higher than nom- 
inal current limit on a pulse-by-pulse basis. The input signals 


are decoded to drive the appropriate output device. High 
voltage translation is provided by current mirror pulses used 
to communicate upward to the top gate driver to initiate turn 
on or off (lon/loge pulses). These momentary pulses are 
captured by local latches to maintain the desired state. This 
feature minimizes power dissipation in the level shifter and 
provides added noise immunity as well. The bottom gate 
driver circuitry is similar. The floating bootstrap power supply 
is provided by low voltage capacitor Ce and high voltage 
diode De. Each time the Voy7 node goes low, Cr charges to 
roughly a diode drop less than Vdd (15Vpc). This situation 
prevails each time the lower output device is activated or, in 
the case of an inductive load, whenever the upper device is 
switched off and freewheeling load current forces the output 
node to a diode drop below ground. In either case, Dr is for- 
ward biased, allowing Cr to charge through the current limit- 
ing resistor Regs to approximately Vpp. Noise dropping 
resistor Rup, along with capacitor Cpp, provides localized fil- 
tering of the bias supply and bypasses bias supply series 
inductance facilitating fast and complete bootstrap refresh. 


Each output device is protected on a pulse-by-pulse basis 
from overcurrent (OC) by sense resistor Rs, which is con- 
nected to 100mV comparators. This arrangement permits 
the designer to take advantage of nearly lossless current- 
sensing MOSFETs or IGTs. 
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FIGURE 1. BLOCK DIAGRAM OF THE HVIC 


Upon detection of any OC, the output is immediately dis- 
abled. In the case of the lower switch, a FAULT is directly 
detected and reported. Upper rail OC FAULTs are indirectly 
reported via the output voltage monitor when it detects an 
output state not in agreement with the commanded TOP 
input signal. With local OC detection and shutdown of the 
upper device, an inductive load will force Voy7 low due to 
freewheeling. This “out of status” detector recognizes a fault 
when Voy is typically less than 5.5Vp¢. 


Logic And Timing 


Figure 2 is a detailed functional circuit of the SP600. The fil- 
tered inputs, TOP, BOTTOM, and Itpip se_ect ignore pulse 
widths less than typically 400ns to prevent false triggering. 
During the generation of lox and loge pulses, the control 
logic ignores further changes in the input signal. For each 
lon Pulse, an loge pulse is simultaneously sent to the oppo- 
site driver, thus eliminating the possibility of spurious shoot 
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| FIGURE 2. FUNCTIONAL DIAGRAM OF THE HVIC 
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through caused by high voltage, high-speed switching. 
These features aid in providing predictable operation of the 
floating upper rail driver section, which is capable of slewing 
over 10,000 volts per ps. 


PHASE serves as a common reference for the floating boot- 
strap supply (Vgs) and all upper rail logic. Voyz, for all practi- 
cal purposes, is at the same potential as PHASE, being 
separated from it electrically by only a few Q (Ro). This addi- 
tional series output resistance helps to limit the peak current 
being drawn from the HVIC when an external lower flyback 
diode, undergoing forward recovery, forces Voyr negative. 


An automatic refresh algorithm is generated by the CMOS 
timing and control block to ensure that the bootstrap capaci- 
tor remains charged. As mentioned above, Cr is refreshed 
each time the Voy; node swings to common. At power up, 
with zero voltage on Cr, there are two ways to refresh the 
bootstrap capacitor. The first is by initially commanding the 
bottom device to turn on, forcing Voyr low. The second 
occurs when an automatic refresh is invoked if the TOP has 
been commanded on for longer than 200us to 500us. The 
logic momentarily ignores the inputs, and turns on the lower 
output (subsequent to an lore TOP) for typically 2.0us, 
charges Cr and finally restores control to the input com- 
mands. Automatic refresh is overridden at switching rates 
greater than 5kHz, the minimum refresh timer period. 


A dual level current limit provision allows for a 30% higher 
current trip point (above nominal) on a pulse-by-pulse basis. 
A logic level 1 applied to Irpip se_ecr provides a boosted 
current limit suited for applications like uninterruptable power 
supplies (UPS), which may have occasional shifted peak 
power requirements. This feature may allow for a more opti- 
mally selected output device. Benefits of current boost have 
been demonstrated in an off-line PWM motor controller 
where Irpip se_ect iS momentarily applied to overcome the 
inertia associated with rotor start-up.° 


Both outputs are disabled and a FAULT reported as a result of: 
e Overcurrent 
¢ Vpp (lower bias) and Vgs (upper bias) undervoltage 


* Vout/PHASE out-of-status 


e Simultaneously commanded TOP and BOTTOM input 
(outputs disabled, no FAULT reported) 


The fault can be cleared by a logic 0 at both TOP and 
BOTTOM inputs for the required fault reset delay time of 
3.4us to 6.6ps. 


Power Driver Section 


The upper and lower driver output sections are nearly identi- 
cal, Figure 3.4 Separate sink and source transistors are sep- 
arately bonded out for application specific designs requiring 
additional series gate impedance(s) for slower charge and 
discharge rates. This circuit property becomes particularly 
important with IGTs, where a minimum turn-off impedance of 
100Q may be required to ensure full SOA. Regardless of the 
switching element used, companion flyback diode character- 
istics may necessitate slower turn-on to reduce peak reverse 
recovery current by increasing the gate impedance by 
means of Ronarnce: 


A nominal 100mMVpc comparator provides overcurrent (OC) 
protection when used with either current sensing IGTs or 
MOSFETS. OC can also be implemented by using low 
impedance shunts with noncurrent sensing power output 
devices, Figure 4. 


Clamp CL1 in Figure 4 provides overvoltage protection for 
current sensing structures during switching intervals, and pro- 
tects the comparator from any voltage transients due to exter- 
nal lead inductances. To avoid nuisance OC trips caused by 
reverse recovery current during turn-on transitions, the com- 
parator’s output is blanked for approximately 3ps. 


System Performance 


The half-bridge test circuit in Figure 5 was built to demon- 
strate the SP600 as a high frequency driver of MOSFETs. 
The load is referenced to one-half the battery voltage, allow- 
ing bidirectional load current. This circuit characteristic emu- 
lates power configurations of half bridges with split supply or 
full bridges implemented with multiple HVICs. 


Ronarce 


RoiscHaRGE 


Rsense 


FIGURE 3. POWER-OUTPUT SECTION INTERFACING WITH CURRENT SENSING MOSFET OF IGT. 
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| FIGURE 4. POWER OUTPUT SECTION INTERFACING WITH NONCURRENT SENSING MOSFET OR IGT. 


For ultimate switching speed, no additional series gate 
impedances were used. Peak MOSFET gate charge and 
discharge current waveforms of 400 and SHEMADe: respec- 
tively, were observed, Figure 6. 


High frequency, high voltage operation requires that upper 
rail drive and level translator circuitry be immune to high dv/ 
dt, as this section floats with respect to Voy7/PHASE. Inter- 
junction capacitance can dynamically inject displacement 
currents, raising havoc in circuit performance or even caus- 
ing catastrophic failures, including the breakdown of voltage 
isolation tubs or latch-up in adjacent four layer structures. 


At rail voltages of 200Vpc¢ to 400Vp¢, rise and fall transitions 
of Voyut/PHASE were measured in the 20ns to 35ns region. 


rn 3d 


V V VV 


The HVIC operated flawlessly while being subjected to out- 
put swings beyond 11,000V per ps. Figure 7 demonstrates 
the HVIC’s ability to sustain such dv/dt when driving IRF820 


devices. 


IRF 842s were driven at 130kHz in this same half-bridge cir- 
cuit, Figure 8. The ultimate switching speed of the SP600 
series HVIC will depend on gate capacitance and the duty 
cycle limits dictated by the minimum Io, and lore times. A 
minimum lon time (1.6us to 3.1ps) ensures time for refresh, 
while a minimum logr time (1.3ps to 3.418) prevents simulta- 
neous conduction by allowing for gate discharge prior to an 
opposite lo, pulse. The same promising technology has 
been shown to operate a half-bridge resonant converter at 
frequencies up to 600kHz.® 


2200 


2200 


FIGURE 5. HALF-BRIDGE TEST CIRCUIT 
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FIGURE 6. GATE-CURRENT WAVEFORMS DRIVING AN IRF820 
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FIGURE 7. Voyy TRANSITION AT TURN ON OF LOWER IRF820 
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FIGURE 8. OUTPUT LOAD CURRENT AT 130kHz USING 
IRF842s 


Semicustom Capability 


The SP600 family can be customized by inexpensive, final 
metal mask alterations. Application specific designs are pos- 
sible for variations in the following parameters: 


e¢ Minimum lon/log¢ pulses 

¢ OC trip response time 

e Input signal conditioning filters 
¢ OC trip level 


* Inclusion of RoHaRGe/DISCHARGE 
* ItRIp SELECT boost level 


¢ FAULT reset timer 
Other system related options include: 


e Input protocol 
e¢ Automatic FAULT reset 
¢ Ability to disable the automatic refresh algorithm 
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Appendix 
Timing Waveforms (See page 6) 


Although both SP600 and SP601 timing diagrams are shown 
the SP601 was chosen to provide further explanation. 


to<t<t, At to, with the enable high, the outputs are simulta- 
neously commanded to switch from lower to upper 
which is also known as Bistate operation. After delay 
torrp, the lower is turned off, followed by the uppers 
turned on. Dead time, tp, the difference between the 
lower off transition to the upper on transition is internal- 
ly set. Since this timing sets the margin of safety for si- 
multaneous conduction, it's the user’s responsibility to 
ensure that proper external gate impedance is selected 
to ensure ample time for power transistor charging/dis- 
charging. 


ty<t<t, | Theloweris turned on att, and continues for a relative- 
ly long period, long enough that at tp an automatic re- 


fresh will be invoked. 


10-137 


APPLICATION 
NOTES 


to<t<t, 


tg<t<t, 


tg <t<t, 


ty <t<ty 


tg <t<t,, 


Application Note 8829 


The HVIC has blinded itself to the logic inputs during 
this refresh mode. The upper is turned off, with its as- 
sociated turn off delay, torp. After the fixed dead time, 
tp.t, the lower is briefly turned on, ton, providing a 
charge refresh path for the bootstrap capacitor, Ce 
Once again the dead time is observed before turning 
the upper back on again and restoring control to the 
user inputs. This refresh cycle can be detected as a few 
us wide pulse of lower MOSFET/ IGT current. 


The upper remains commanded on for a period of time 
less than tp_er. At ty, the UP/DOWN time is brought low, 
commanding a lower turn on. Similar to the to-t, inter- 
val, the upper turns off after delay to¢¢p and the lower 
turns on after the dead time, tp + 


The SP601 is disabled by the ENABLE line low at ts. 
Previously conducting lower turns off after its delay, 
torrp- Since the ENABLE line was previously brought 
low and neither output transistors are conducting, 
termed as tristate mode. The state of the output phase 
waveform remains unknown. At t,, the ENABLE is once 
again pulled high. The lower turns on after delay, tonpp- 


At t,, the SP601 is disabled and the UP/ DOWN line is 
toggled to the upper position. The lower turns off and the 
power devices go into a tristate mode. At ts, upper turn 
on sequence begins. Since the auto one shot hasn't 
timed out yet, the turn on delay, tonpp,; is relatively short. 


The chip shuts off as the ENABLE line is brought low at 
ty, and is enabled again at t;, as the UP/DOWN line 
had remained high. Since the disable period was long 
and the refresh one shot had timed out, the turn on de- 
lay, tonpr is slow. Keep in mind that the delay time in- 
cludes the time for automatic refresh. In an attempt to 
not further complicate the drawing, the detailed refresh 
cycle isn’t actually shown. 


ty <t<t 


th <t<tys 


tis <t< tie 
tig <t< tio 


tie <t<ty 


Both inputs are brought low at t,, for a duration longer 
than tae At t;, the ENABLE is restored, initiating the 
turn on sequence for the lower. This follows a long period 
of time where the one shot had timed out, but in this case 
the lower is commanded on. Since it doesn’t need the re- 
fresh algorithm, the turn on delay, tonne, is fast. 


This sequence of events depicts the detection of a low- 
er overcurrent trip. Between t,3-t,4, the lower is on. Be- 
yond the filter delay, torryy, the overcurrent trip shuts 
off the lower driver. A fraction of a js later, ten, the flag 
report delay, FAULT goes low. 


By holding both ENABLE and UP/DOWN lines low for 
the required fault filter reset time, tat, the fault is 
cleared. 


The upper is turned on and an overcurrent trip begins. 
Beyond the filter delay, torrty, the overcurrent compar- 
ator shuts off the upper drive at t,7. Since the control 
logic can only communicate upwards, there is no direct 
means of reporting an upper trip. As the fault has been 
remotely captured by the floating upper section, shut- 
down has occurred. The Phase or Voyy node will quick- 
ly fall to a diode drop below common due to inductive 
flyback current. Via the Voyt/VpyHase Monitor this is de- 
tected as not being in agreement with the commanded 
input and reports the fault. Reporting this phase out of 
Status delay is tosyr 


SP600 Series Timing Diagram 
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Harris Intelligent Power 


HIP2500 HIGH VOLTAGE (500Vpc) HALF-BRIDGE DRIVER IC 


Author: George E. Danz 


Introduction 


The HIP2500 is a high voltage, high speed dual driver for 
MOS gated power devices. The drivers are isolated from 
each other, each controlled by an independent input line 
referenced to the system common voltage. The HIP2500 
was designed using the same proprietary technology which 
was started more than 5 years ago, resulting in the first 
products in the HVIC family, the SP600/SP601 Half-Bridge 
Drivers. Many of the benefits of the SP600/SP601 family 
also apply to the HIP2500. For example, these HVICs offer a 
very inexpensive means for driving an n-channel power 
switch from low side referenced logic without special isola- 
tion circuitry, such as optocoupler (not known for extreme 
reliability) or transformer means (often too expensive). 
Highly integrated low level logic and high-level drive circuitry 
minimize propagation delays, allowing higher switching 
frequencies and often lower switching losses than would be 
attainable using more conventional techniques. In addition to 
cost savings and performance increases, the HVIC simplifies 
and reduces the effort needed to design an efficient driver 
for MOS gated high and low side switches. Features specific 
to the HIP2500 are discussed below. 


The HIP2500 enjoys some features which the SP600/SP601 
lacks. These are a smaller 14 pin dip package, significantly 
higher output drive capability (2A peak) and lower transport 
delays from input to output. In order to maintain noise 
immunity, CMOS Schmitt triggered inputs with pull down are 
incorporated on all inputs. By shedding some of the features 
of the SP600/601 family such as over-current trip and shoot- 
through protection, the HIP2500 can operate at PWM 
frequencies as high as 500KHz depending on bus voltage, 
having gate rise and fall times of typically 23ns into 1000pF 
load. 


The blocking voltage of the HIP2500 has been increased to 
500Vpc in keeping with industry requests for 600V blocking 
Capability for bridge components for use on rectified 230Vac 
lines. 


While the burden of shoot-through protection is now 
squarely with the user, the added flexibility of precise user 
gate control allows some other interesting circuit topologies. 
For example the double forward converter configuration pop- 
ular with power supply, stepper motor control and switched 
reluctance motor control can now be implemented. Capacitor 
Cr must be fully charged before turning the upper switch on 
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the first time by holding the lower switch on long enough to 
charge Ce through the load impedance. See Figure 1. 


Vp s 500V 


LOGIC GROUND 


FIGURE 1. DOUBLE FORWARD CONVERTER SCHEMATIC 


Also with the HIP2500 it is possible to drive a high side 
switch which can be switched independently from the low 
side switch. The load itself could supply initial bootstrap volt- 
age and an appropriate flyback diode would be required in 
parallel with the load to avoid severe negative excursions of 
the power switch’s source lead. An example of this is shown 
in Figure 2. 


LOGIC GROUND POWER GROUND 


FIGURE 2. HIGH SIDE SWITCH OR “BUCK CONVERTER” 
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Description of the HIP2500 


The block diagram of the HIP2500 is shown in : Figure 3. The 
HIP2500 is comprised of a ground referenced gate drive - 


circuit and a high voltage bus referenced (floating) gate drive 
circuit. The input logic circuit for the high side driver incorpo- 
rates level translation circuitry to interface between the low 
voltage logic section and the high voltage logic section which 
controls the upper (or floating) gate driver. . 


Vpp Pe eg et ee ee VB 
UV P 
HIN | | HO 
s Sear L_| LATCH ; <= 
Ci a 
i Vg 
SD | 
: é 
: LOGIC 4 
} + Voc 
’ 5 : e 
§ 
‘LO 
LIN [UV Td 
1 
6 
Vsg | ‘COM 
e 


SSSA AAAATA TAA Bewaesaswavevsvvowoeowws 


FIGURE 3. HIP2500 FUNCTIONAL BLOCK DIAGRAM 


Input Logic 


There are three inputs to the HIP2500; HIN controls the 
floating high side driver, LIN controls the low side (ground 
referenced) driver and SD which controls the “shutdown” 
function. All inputs pass through Schmitt buffers employing 
hysteresis with transition thresholds proportional to the logic 
supply Vpp. Slower or ramped inputs therefore are squared 
up before being passed to the level translation circuits, which 
translate the logic level inputs to signal levels compatible 
with the fixed driver (10V to 15V) supply. The level transla- 
tion circuit allows the ground reference of the logic supply 
(Vsg on pin 13) to swing plus or minus by a couple of volts 
with respect to the power ground (COM on pin 2) thereby 
enhancing noise immunity. 


Each channel, including the shutdown input, is independently 
controlled. The gate drive responds within a short (typically 
400ns) propagation delay of the input signal. In applications 
where deadtime is required to prevent conduction overlap or 
“shoot-through”, the HI and LO input commands must be 
spaced by external circuitry. For example in’a half-bridge 
_ configuration, where the upper and lower switches are series 
connected between the high and low sides of the power bus, 
effort must be taken to turn off each of the switches in 
advance of turning on the other. The designer must ensure 
that one switch is completely off before trying to turn on the 
other or high currents can flow through both, possibly leading 
to destruction of one or both power switches. Often a few 
passive components added to delay switch turn-on without 
delaying turn-off can effectively control shoot-through (see the 
diode resistor parallel combination in Figure 4). As power 
levels and power switch devices become larger, passive 
techniques may become a more appropriate means to 


~~ provide turn-on blenny © of one ‘switch while the other switch | 


is turning off. 


‘Shutdown is Scconoiehed by’ a gic’ level 1 at the SD input. — 
~ This. input must be at logic level.0 to “gate” the HIN and LIN | 


inputs to their respective drivers. The SD logic also removes 
bias to the high voltage translation pulse circuits, thereby reduc- 
ing bias current to the HIP2500 when in shutdown mode. 


Vop a 


SYSTEM 
CONTROL 


FIGURE 4. SIMPLIFIED SHOOT-THROUGH CONTROL 


Protection Features 


The HIP2500 is protected internally from insufficient boot- 
strap supply voltage (in the case of the upper floating driver) 
and insufficient bias supply voltage (in the case of the lower 
driver). Also circuitry is provided which allows the high volt- 
age power to be applied prior to the low voltage control 
power without inducing false gating from the HIP2500. 


The undervoltage circuitry functions differently for upper and 
lower drivers. The lower undervoltage lockout blocks drive to 
both upper. and lower power switches. Upon reestablishment 
of proper lower supply voltage levels the drive signals are 
unblocked and gate drive to both upper and lower switches is 
reestablished provided the appropriate LIN and HIN signals 
are enabled. The upper undervoltage circuit controls only the 
gating of the upper (floating) switch which is latched off when 
an undervoltage is sensed. Latching is released when the 
upper undervoltage circuit is satisfied. A subsequent “on” 
pulse from the HIN terminal is necessary to trigger the upper 
switch. The HIN terminal must have previously gone low 
since all communications with the upper driver are “edge” 
triggered. The purpose for latching either driver off in the 
event of an undervoltage condition is to ensure direct control 
from the HIN input. Without latching, the undervoltage circuit 
could cycle at a frequency dependent upon the size of the 
bootstrap capacitor, gate capacitance, and undervoltage 
hysteresis levels. Latching the undervoltage detector 
provides in essence an “alarm” that an undervoltage 
condition has occurred. The circuit designer must pick 
values of bootstrap capacitance which avoids undervoltage 
triggering at the PWM design frequency. Guidance on 
choosing the right value can be found under “Floating 
Supply Considerations” later in this note. 
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Driver Circuits 


The driver circuits for the upper and lower gate drives are 
identical. Since it is desirable to provide the greatest possi- 
ble gate drive voltage consistent with the user supplied volt- 
age, p-channel mosfets have been used in the output stage 
of the drivers for sourcing gate current to the power device. 
Likewise, n-channel devices have been employed for sinking 
current from the gates of the power devices. This approach 
allows complete utilization of the Vcc voltage and changes 
in mosfet threshold voltages with temperature will not reduce 
power device gate bias levels. 


The sink and source currents of the gate drivers are fully 
capable of supplying peak currents of at least 2.0A, which 
means that a power mosfet device with 3000pF gate source 
Capacitance can be fully charged in 25ns. Discharge of the 
gate source capacitance will be slightly more rapid, since 
Rpson of the sink driver is about 10% less than the source 
driver. 


The high side driver section is built into an “isolation tub” 
which is capable of floating +500Vp¢ above substrate poten- 
tial with respect to power ground (COM pin 2). Pin 6 (Vs) is 
the common potential for the upper drive circuitry and is the 
most negative voltage within the floating tub. Vg (pin 5) is the 
positive rail within the floating tub and is usually +15 above 
Vg. The gate drive output, HO (pin 7) swings between Vs 
and Vp according to the state of the HIN input pin. 


Floating Supply Considerations 


The floating supply which ties between Vg and Vg is sup- 
plied typically by a capacitor, Ce, referred to as the bootstrap 
capacitor. A fast recovery, low leakage diode, Dr, refreshes 
or charges this capacitor whenever the Vs terminal swings to 
common (see Figure 4). A low leakage, fast recovery diode 
should be chosen for the bootstrap diode and should exhibit 
low reverse recovery charge. Accomplish this by choosing a 
diode with a blocking voltage rating greater than 500Vpc. For 
example, the Harris A114P diode is a high voltage 1A, fast 
recovery diode rated at 1000V blocking. It is used with great 
success on rectified 230Vac circuits where normally a 500V 
or 600V diode would be used. The high voltage diode results 
in a naturally lower junction capacitance than would be 
attainable in a comparable low voltage diode. 


The refresh charging “loop” is a circuit beginning at the Voc 
node and comprising the bootstrap diode (forward biased), 
the bootstrap capacitor, either the lower power device or the 
flyback diode and the COM terminal. Normally Vg voltage will 
be one diode drop below the COM terminal whenever the 
upper power switch is turned off due to the inductive nature of 
the load current commutating from the upper switch to the 
lower flyback (or body) diode around the lower power switch. 
When no inductive load current is flowing through the lower 
flyback diode, then the Vs terminal voltage will operate at a 
voltage above the COM terminal determined by the lower 
power device’s forward voltage drop. The ultimate voltage 
attained on the bootstrap capacitor is dependent on whether it 
was refreshed through the flyback diode or the lower power 
switch device. Lead inductance associated with the flyback 


diode can actually cause the Vs terminal to transiently go 5V 
to 20V below COM depending on dv/dt. This occurs when the 
upper switch is turned off very rapidly and the load current is 
rapidly commutated to the lower flyback diode. Although this 
can help to dump some charge very quickly onto the boot- 
strap capacitor, it can cause trouble with the HVIC if allowed 
to exceed more than about 4 volts. It is wise to minimize this 
inductance by tight power circuit layout practices. 


A number of considerations in the implementation of this 
bootstrap arrangement which must be kept in mind. The 
series inductance in the loop comprised of the bootstrap 
diode, capacitor and the Vcc supply and COM return path 
must be kept very low. Ideally under normal conditions the 
charging time for refreshing the capacitor is short. This must 
be so when very high PWM duty cycles are desired. In fact 
overmodulation must be avoided so that approximately 1 to 2 
usecs is reserved for refreshing the bootstrap capacitor. The 
actual time required depends on the series resistance of the 
bootstrap loop, the series inductance (hopefully near zero) 
and the size of the bootstrap capacitor. An upper limit on the 
PWM frequency is then given by: 


fpwau S$ (1 - DC) 
“ee.” 
where: 
DC = Duty cycle fraction 
trer = refresh time (sec.) 
tpwa = PWM frequency (Hz) 


Another consideration in the design of the bootstrap circuit 
concerns the sizing of the bootstrap capacitor. If it is 
assumed that all of the gate charge comes from the boot- 
strap capacitor, which is a good assumption, then enough 
charge must be placed on the bootstrap capacitor such that 
when it “dumps” the turn-on gate charge to the power switch, 
there is still enough voltage on the bootstrap capacitor such 
that undervoltage lockout is not triggered. For turn-on gate 
charge of Qg, flying capacitor of Ce, supply voltage Voc and 
final gate voltage Vg (which must be greater than the maxi- 
mum value for the undervoltage trip threshold), the minimum 
bootstrap capacitor is given by: 


Cr > Qe 
Voc - Ve 


The above assumes an inductive load which would tend to 
cause the bootstrap diode drop to be approximately can- 
celled by the drop associated with the body diode (mosfet) or 
flyback diode in parallel with an IGBT. If the load is not some- 
what inductive, the bootstrap diode drop must be subtracted 
from Vcc along with any drop associated with the lower 
switch. The effects of leakage current in the reverse biased 
bootstrap diode and the small quiescent bias current of the 
upper driver circuit must be taken into account when sizing 
Cr. Therefore the sum of the above currents and the charge 
removed from Cr in charging the gate capacitance, Qe, 
determines the minimum size of Ce Therefore: 


Cr > Qe + (lags + IR) * ton(max) 


Vcc - Ve 
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The previous discussion on refreshing has been made with a 
half-bridge or “totem-pole” configuration of the power 
switches in mind. Other topologies are of interest such as the 
“double forward converter’ configuration shown in Figure 1. 
Once current is established in the inductor of the double for- 
ward converter, simply turning off the switches causes the 
inductor current to freewheel through the commutating 
diodes. The Vs lead will be pulled to approximately a diode 
drop below COM while the inductor current ramps to zero. 


This action will charge the bootstrap capacitor in all cases 
but those wherein the inductor current is minute. During 
Start-up when there is no current in the inductor, it is neces- 
sary to precharge the bootstrap. capacitor. This can be 
accomplished in a number of ways, but one can simply turn 
on the lower MOSFET or IGBT long enough to charge up the 
capacitor. Voltage overshoot due to the resulting series RLC 
circuit will be clamped by the internal zener clamps and/or 
the substrate diode within the HIP2500. Alternatively, a small 
auxiliary MOSFET can be placed around the lower flyback 
diode and driven by an inverted LO gate drive signal. When 
the lower is turned “off’, the auxiliary MOSFET will be turned 
“on” thereby supplying a charging path for the bootstrap 
capacitor. 


The buck converter (Figure 2) is another possible application 
for the HIP2500. With this type of converter configuration, as 
soon as the HIP2500 bias supply power is applied, the boot- 
strap capacitor will be charged through the load impedance. 
After having waited for complete charging of the capacitor, it 
is then possible to operate the HIP2500 normally. Subse- 
quent refreshing will occur each time the buck converter 
switch is turned off which it must do in order to refresh the 
bottstrap capacitor. | , 


Level Shifting Circuits 


As shown in Figure 4, the high side channel input commands 
require level shifting from a level near COM to a level near 
that at which the high voltage tub is floating, which can be 
SOOV. The on/off commands for the. high side are trans- 
formed into narrow current source commands which sink 
Current through burden resistors in the high side circuit. After 
squaring up these pulses they are “and” gated with the out- 
put from the under voltage circuit and latched before being 
sent to the driver section. 


Switching dv/dt as high as 50V/ns is possible with the 
HiIP2500. Also, when the upper switch is turned off, the short 
lived negative excursions of the Vs terminal due to so-called 
“forward recovery” and lead wire inductance in series with 
the upper and lower power switches will not cause problems 
with HIP2500 operation. | | 


Power Dissipation 


Power dissipation in the HIP2500 results from static losses 
and switching losses. The static losses are due to the bias 


~ supply in both upper and lower driver sections and leakage 


losses in the high voltage level translation transistors. The 
sum of all these losses at 15V is approximately 19.5mW at 
+25°C. At +125°C these losses are not normally over 30mW. 


The dynamic losses are due to low voltage and high voltage 
switching losses. The low voltage switching losses derive 
primarily from the upper and lower driver output stages. The 
energy required in charging and discharging the gate of the 
power switches must flow through the resistance in the gates 
of the power devices, the Roso, of the driver output stage, 
and all of the lumped wiring and connection and supply 
sources resistances. The sharing of these resistances 
between the HIP2500 and the external source and switch 
devices must be known before an accurate calculation of 
losses can be attempted. The maximum total loss can easily 
be calculated once the PWM frequency, supply voltage and 
power device gate charge is known: 


Pariver = 2 * fpwo * Qc * Voc Watts. 


The high voltage switching losses are due predominantly to 
the level translation transistors. These losses are a function 
of the PWM frequency, the level translation current and pulse 
width and the bus and Vcc voltages. The level translation 
power dissipation then is: 


Preval trans. = fowm * (Vg + Voc) * 8 x 10°9 Watts 


Protat = Pstatic + Poriver + PLevet TRANS 
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Harris Intelligent Power 


HVIC/IGBT HALF-BRIDGE CONVERTER 
EVALUATION CIRCUIT 


The HVIC high voltage integrated circuit is designed to drive 
n-channel IGBTs or MOSFETs in a half-bridge configuration 
up to 500Vpc. Power supply and motor control inverters can 
be configured for voltages up to 230Vac using the HVIC, 
IGBTs and a few other components. 


A few precautions should be taken in using the circuit. Lead 
lengths between the external power circuit (including gate 
and pilot leads), the 15V bypass capacitor (Cpp), the boot- 
Strap diode (De) and capacitor (Cr) and the HVIC should be 
minimized. 


The basic components required to evaluate the features of 
the SP601 are shown in the simplified schematic. The rec- 
ommended load is largely resistive so that the largest cur- 
rent component will flow through the IGBTs, IGT1 and IGT2. 


The flyback diodes, D1 and D2, rated 8A, will carry a much 
smaller flyback current component. A small amount of load 


Simplified Schematic 


+ 
15V = PULSE 


GEN 
J +15V 


UP/DOWN 


FAULT 


ENABLE 


Cop < 10pF 


HVIC - Harris Part # SP601 (Formerly GS601) 
IGT1, 2- Harris Part # HGTA24N60D1C 
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D1, 2 - Harris Part # RUR860 
D- - Harris Part # A114M 


inductance will cause the switching waveforms to simulate 
the conditions which would normally be observed with motor 
or transformer loads, while limiting the current carried by the 
lower rated flyback diodes in this circuit. 


The values for Reya, Rpup, etc., have been chosen to result 
in overcurrent trip at approximately 25Apk. At this level of 
current, heat sinking for the IGTs and flyback diodes is 
required. The series resistance of the upper and lower pilot 
resistor dividers would be approximately 1KQ; the divider 
ratio should cause 0.1V at the tap at the desired trip current. 


When first energizing your evaluation circuit, begin with a 
reduced bus voltage of about 20Vpc¢ to 30Vp¢ to verify proper 
circuit operation before proceeding to higher voltages. 


More specific information can be found in File Number 2428 
and File Number 2429 Half-Bridge 500Vpc Driver data 
sheets and in the Application Note, AN-8829.1. 


25ypc S Vunk 3 500Vpc 


VV 


Reva: Rpia- 9100, 1.8W 
Reup» Api, - 682, 1.8W 


C1 - 0.1pF, 600Vp¢ 
R, - 200, 3KW 13 -50 
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Harris Intelligent Power™ 


PROTECTION CIRCUITS FOR QUAD AND OCTAL 
LOW SIDE POWER DRIVERS 


Overview 


Normally, the detined requirements tor a Quad or Octal Driver 


are very much affected by the type of protection circuits used 
on the chip. Fault protection for an open or shorted load is an 
interactive function, making it important in the decision pro- 


cess of specifying the proper IC for an application. The 
various types of on-chip features may include protection for 
The 
response action to a fault condition may be either limiting or 


over-current, over-voltage and over-temperature. 


shutdown. Shutdown methods may include hysteresis and 
may require a logic reset. On-chip clamp diodes provide cur- 


rent steering to an external zener diode clamp as over-voltage 
protection from inductive switching pulses. Internal Zener 
diodes are also used to limit the output voltage on the output 


driver of the IC. In addition, fault detection is available with 


diagnostic feedback, including serial bus (SPI) control. All of 


the protection features noted are represented in the following 
list of Quad and Octal Low Side Drivers: 


TABLE 1. QUAD & OCTAL LOW SIDE POWER DRIVERS 


TYPE DESCRIPTION KEY FEATURES 


CA3242 | Quad Gated Inverting | Over-Current Latch-Off, Fast 

Power Dr. Fault Shut-Down, Output 
Protection Diodes 

CA3262 | Quad Gated Inverting | Over-Current Limiting, Over- 
Power Dr. Temperature Limiting 

CA3262A | Quad Gated Inverting | Same as CA3262 plus 
Power Dr. +125°C Max. T, 

CA3272 | Quad Gated Inverting | Over-Current & Temp. Limit- 
Power Dr. with Fault ing, Fault Flag Output, 
Mode Diag. Flag Output | +125°C Ty 


Full Range of Protection & 
Fault Mode Feedback/Control 


CA3282 | Octal Driver with SPI 
Logic Control 
with -40°C to +125°C T, Range 
CA3292 | Quad Gated Inverting | Fault Flag Output, +125°C 
Power Dr. with Fault Max. T, similar to the CA3272 
Mode Diag. Flag Output | except for added Over-Volt. 
Clamp Diodes 


HIP0080 | Quad Gated Inverting 
Power Drs. 


Over-Current (Latch-Off), 
Over-Temperature (Gates- 
Off), Open Load & Output 
Ground Short Detection with 
Fault Mode Feedback/Control 
and -40°C to +110°C T, Range 


HIP0081 | Quad Gated Inverting | Same Features as HIPO080 ex- 
. Power Drs. cept higher rated current drive 
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While the CA3282 Octal Driver is quite different from the 
quad drivers, it is included here because it is used in similar 
applications. The CA3282, HIPOO80 and HIPOO81 feature 
Power BiMOS with MOSFET Output Drivers for higher cur- 
rent and voltage capability. Because of the additional 
dissipation associated with these drivers, the CA3282 and 
HIPOO81 are provided in a 15 pin SIP power package. The 
other Quad Drivers are available in the 16 pin DIP and/or 28 
lead PLCC packages which have special construction for 
improved heat dissipation. All of these Low Side Switches 
generally share a common characteristic of 5V input CMOS 
or TTL logic level control. 


The Quad and Octal Power Drivers include a wide variation 
of choice in selecting a device type. The available types are 
listed in TABLE 1 which also highlights the key parameters 
for most applications. By-type, the protection features of the 
Quad and Octal Drivers are listed in the table and are 
explained in the following detail of this IC Application Note to 
assist the user in making an intelligent device selection for 
the application of interest. 


CA3242 Quad-Gated Inverting 
Power Driver 


In normal use, the supply voltage is applied through a load to 
an NPN open collector output of the CA3242 quad driver. 
The functional block diagram is shown in Figure 1. The max- 
imum current rating of 1 Amp does not distinguish between 
average and peak. Each output is independently protected 
and latches “OFF” when the load current exceeds the latch- 
off threshold in the “ON” state. The CA3242E feature of 
short circuit protection is a responsive high-speed shutdown 
of the output drive to a shorted load. Under worse-case 
shorted load conditions, the supply voltage is applied direct 
to the output device. The latch-off threshold is typically 1.3V 
(IscRon), where Roy is the saturated “on” resistance of the 
output. The CA3242 latches “OFF” at a typical short circuit 
current of 1.2A with 25s nominal delay. The ENABLE or the 
IN pin of the latch-tripped channel must be toggled to reset 
the latch. 
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TABLE 1. QUAD AND OCTAL DRIVER FEATURES 


CA3282 
(OCTAL 
TYPE NO. CA3272 HIPOO80 HIPOO81 DR) 
INVERT- | INVERT- | INVERT- | INVERT- INVERT- INVERT- INVERT- LOGIC 
TYPE OF OUTPUT ING ING ING ING ING ING ING SELECT 
Output Current Rating 0.6A 0.7A 0.7A 0.4A 0.4A 0.5A 1.0A 0.5A 
Vsayt @ Current Rating 0.8V 0.6V 0.6V 0.4V 0.4V 0.5V 
Ron Output Resistance 1.0Q 0.5Q 
Voltage Rating (Voc)sus 35Vpc 35Vpc 40Voc 40Vpc 32Vpc 35Vpco 79Voc 32Vpc 
(Clamp) typ. typ. (Clamp) 
Output Current Limiting | No @1.4A @1.3A @1.2A @1.2A @1.5A 


Yes Yes Yes 
Latches- Latches- Latches- Latches- 
OFF OFF OFF OFF 
@ Tj= = 
+155°C +155°C 
No @T)= @T,= @T)= @T,= @T)= 
+165°C +165°C +150°C +150°C +170°C 
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Temperature Range 
-40°C to +85°C 
-40°C to +125°C 


Package Options: 
16 DIP (Std) 
15 SIP 
28 PLCC 
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FIGURE 1. CA3242 FUNCTIONAL BLOCK DIAGRAM 
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Proper application of the CA3242E will aid in the save turnoff 


under shorted load conditions. Observation of wide ranging 
conditions have been done to test the shutdown behavior 
and has revealed several pitfalls that should be addressed to 
assure safe shutdown. One should be aware that a forced 
short circuit test condition may be considerably more severe 
than a normal application shorted load. In either case, two 
problems arise that affect the severity of the overload during 
shutdown. These are: 


1. A shorted load is inductive and causes the generation of 
voltage spikes, exposing the output device to at least 2 
times the value of the V+ supply voltage. 


2. Lack of bypassing can provoke severe oscillations during 
the delay period before shutdown is complete. This is typ- 
ically less than 25us. 


The result of this oscillation with an inductive load is to alter- 
nately stress the output device in both a forward and reverse 
direction at rates as high as 1mHz, lasting until shutdown 
occurs. This problem is compounded in some applications 
when 2 or more devices are used in parallel to increase drive 
Output. In this case, a short may now draw twice the current of 
one driver which, in tum, results in almost twice the unclamped 
voltage spike developed across each output transistor. 


To suppress oscillations during shutdown requires some 
attention to the use of adequate bypassing of both the +5V 
Vcc supply and the battery or output supply voltage. 
Bypassing the output supply will minimize both the transient 
oscillations and the voltage spike effects of lead inductance. 
Then, the shorted output is stressed in the forward bias 
mode with the shorted current determined by voltage 
source, duration of short, line resistance and the resistance 
of the saturated output. In a practical application, the load 
and any potential short may occur in a remote location. As 
such, bypassing the output supply may not be practical. 
Bypassing the d+5V supply with a 0.1uF capacitor closely 
wired to pins 11 and 12 of the CA3242E constitutes ade- 
quate bypassing of the +5V supply. 


Because voltage spikes are normal to the application, a 30V 
zener “clamp” diode is needed to limit the device output volt- 
age spikes to less than the maximum rating of 35V. The 
zener clamp diode protection should be closely wired to pins 
of the output divide in order to avoid any delay in the voltage 
clamping action. Alternatively, the on-chip diodes may be 
used in a free wheeling mode by connecting the CLAMP 
pins to the supply voltage if it does not exceed 30V during 
transients. Zener diode clamp protection is preferred over 
the power supply clamp option, primarily because the power 
supply may be subject to large transient changes. 


CA3262 & CA3262A Quad-Gated Inverting 
Power Driver 


The CA3262 is a quad-gated inverting low-side driver capa- 
ble of switching 700mA load currents (at +25°C) in each 
output without interaction between the outputs. Shown in 
Figure 2, each output is independently protected with over- 
current limiting and over temperature limiting features. If an 
output load is shorted, the remaining three outputs function 


normally unless the junction temperature of their output 
device exceeds the over temperature limiting threshold of 
+155°C (typical). Current limiting prevents the output current 
from exceeding a value determined by the design (1.2A typi- 
cal), independent of the load condition. The power 
dissipation of the shorted output driver is equal to the prod- 
uct of the limiting value of current and the applied output 
collector voltage. If this value causes the junction tempera- 
ture to exceed +155°C (typical), the base drive to the output 
transistor, and thereby it’s collector current, is reduced until 
the resulting power dissipation is equal to that value which 
maintains the junction temperature at the thermal limit value. 
The current which flows in the output transistor in a short cir- 
cuit mode is therefore a function of the ambient temperature, 
the thermal resistance of the package in the application, the 
total power dissipated in the package. If the short is 
removed, normal operation resumes automatically. 


In order to clamp high voltage pulses which may be gener- 
ated by switching inductive energy in the load circuit, zener 
diodes with a value not greater than 30V should be con- 
nected to the CLAMP pins. On-chip diodes are connected 
from each output to one of the two CLAMP pins and are 
intended for use as steering diodes to provide a path for the 
clamped pulse current to a CLAMP pin; allowing the use of 
one zener diode to clamp all outputs. Alternatively, the on- 
chip diodes may be used in a free-wheeling mode by con- 
necting the CLAMP pins to the supply voltage if it does not 
exceed 30V during transients. Zener diode clamp protection 
is preferred over the power supply clamp option, primarily 
because the power supply voltage may be subject to large 
transient changes. Note that the rate of change of the output 
current during switching is very fast. Therefore, even small 
values of inductance (such as the inductance of several 
meters of wire) in the load circuit can generate voltage 
spikes of considerable amplitude on the output terminals and 
may require clamping to prevent damage. 


The CA3262A is a lower Vgaz version of the CA3262 and is 
rated for +125°C ambient temperature applications. The 
CA3262 is limited to about +100°C (data sheet rating at 
+85°C) ambient temperatures. Otherwise, the protection fea- 
tures described here apply to both versions. Figure 2 shows 
a functional block diagram for the CA3262 & CA3262A. Each 
type has independent current limiting and thermal limiting 
protection for each output driver. The maximum current rat- 
ing of each output is specified as 1A.. However, this is nota 
users choice rating, the current limiting is typically 1.2A with 
specified range limits of 0.7A to 1.8A. 


The CA3262 and CA3272 will typically survive when shorted 
if the output supply voltage is less than 18V. This potential 
for failure is flagged in the data sheet as a note under the 
Electrical Characteristics table. It takes a few milliseconds to 
shutdown when the output is short circuited. During shut- 
down the dissipation may be excessive and is primarily 
determined by Isc which is the limiting current. The short-cir- 
cuit current will be limited by the CA3262 but the voltage that 
the shorted output sees may approach Vsypp_y. Not consid- 
ering transient effects, the worst case dissipation would be 
Pp = (Vsuppiy)X(Isc). Normally, a shorted solenoid or relay 
will have a few © of impedance which should prevent cata- 


10-146 


Application Note 9201 


Vec Sy V+ 


4 
é 
, 4 
(18) 4 4 8 
, , 0 OUTD 
IND ae , 08) 
o- , 
(16) 5 5 
, CLAMP 
s y) C) 
, 4 (13) 
y y 
4 
oe 
, ;—O OUTC 
10 , (12) 
INC © 4 
y y 
4 | ; 
ENABLE O—4 , 
é — 4 
26 
ers 40 OUTB 
15 § , (4) 
é 
IN ce ; 
; j——O CLAMP 
; (3) 
é 
, © OUTA 
16 § (2) 
INA O—- 
(28) 


BRBARBARWBABARBBRBAD 


PINS 4, 5, 12 & 13 GROUND (PACKAGE E) 


PINS 5-11 & 19-25 GROUND (PACKAGE Q) 
PIN #’S IN PARENTHESIS APPLY TO PACKAGE Q 


(Lat t teh thth tent tththta ttt ae ntktkkttattittittt tt hatte tt tt tt ht fe he ee 


AweweweeasrawesBeaaVCA AU Haaaeaaaa 


FIGURE 2. CA3262 AND CA3262A FUNCTIONAL BLOCK DIAGRAM 


strophic IC failure in 12V automotive applications. A typical 
value for Isc is 1.2A. Ron is the saturated collector resis- 
tance of the output transistor with a typical value of 10. 
Vsupp.y is normally 9V to 16V in automotive applications. 
The thermal shutdown could be made faster but the circuit 
would not be able to effectively drive lamps which have a 
very low resistance in a cold start-up. Lamp drive capability 
is acommon application use for the CA3262 and CA3262A. 


CA3272 & CA3292 Quad-Gated Inverting 
Power Drivers with Fault Mode Flag 


The CA3272 and CA3292 are quad-gated inverting low-side 
power drivers with a fault diagnostic flag output. Both circuits 
are rated for +125°C ambient temperature applications and 
have current limiting and thermal shutdown. As shown in 
Figure 3, they differ from the CA3262A by not having output 
clamp diodes but do have the diagnostic short-circuit flag 
outputs. Each output driver is capable of switching 400mA 
load currents at +125°C ambient without interaction between 
the outputs. Current limiting functions in the same manner 
as the CA3262 with a typical limit value of 1A. The current 
limiting range is set for 0.7A to 1.6A. While the thermal shut- 
down characteristics differ from the CA3262 by having 
hysteresis, the same precaution applies for potential dam- 
age from high transient dissipation during thermal shutdown. 
The CA3272Q and CA3292Q Quad Driver are provided in 


the 28 pin web-leadframe PLCC package. This package has 
slightly lower thermal resistance than the 16 pin web-lead- 
frame package. 


The CA3292 is equivalent to the CA3272 except that it has 
internal clamp diodes on the outputs to handle inductive 
switching pulses from the output load. Expanded functional 
block diagram detail of the fault logic is similar to that of the 
CA3272 as shown in Figure 4(b) with the exceptions noted in 
the output driver circuit. The structure of each output, shown 
in Figure 4(a), includes a zener diode from collector-to-base 
of the output transistor. This is a different form of protection 
than the CA3242 or CA3262 which have current steering 
clamp diodes on each output, paired to one of two “CLAMP” 
output pins. The CA3292 output transistor will turn-on at the 
clamp voltage threshold which is typically 35V and the out- 
put transistor will dump the pulse energy through the output 
driver to ground. 


Each of the output are independently protected with over- 
current limiting and over-temperature shutdown with thermal 
hysteresis. If an output is shorted, the remaining outputs 
function normally unless the temperature rise of the other 
output devices can be.made to exceed their shutdown tem- 
perature of +165°C (typical). When the junction temperature 
of a driver exceeds the +165°C thermal shutdown value, that 
output is turned off. When and output is shutdown, the 
resulting decrease in power dissipation allows the junction 
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FIGURE 3. CA3272 FUNCTIONAL BLOCK DIAGRAM 


temperature to decrease. When the junction temperature 
decreases by approximately +15°C, the output is turned on. 
The output will continue to turn on and off for as long as the 
shorted condition exists or until shutdown by the input logic. 
The resulting frequency and duty cycle of the output current 
flow is determined by the ambient temperature, the thermal 
resistance of the package in the application, the total power 
dissipation in the package. Since each output is indepen- 
dently protected, the frequency and duty cycle of the current 
flow into multiple shorted outputs will not be related in time. 
Long lead lengths in the load circuit may lead to oscillatory 
behavior if more than two output loads are shorted. 


A diagnostic flag indicates when an output is shorted. This 
information can be used as input to a microprocessor or ded- 
icated logic circuit to provide a fast switch-off when a short 
occurs and also to determine by sequence action, which out- 
put is shorted. A fault condition in any output load will cause 
the FAULT output to switch to a logic “low”. Added detail of 
the fault logic is shown in Figure 4(b). Since a fault condition 


will be indicated during switching, use of an appropriate size 
capacitor to filter the FAULT output is recommended (see 
data sheet). This will prevent the FAULT output voltage from 
reaching a logic level “O” within the maximum switching time. 
The FAULT detection circuitry compares the state of the input 
and the state of the output. The output is considered to be in 
a high state if the voltage exceeds the typical FAULT thresh- 
old reference voltage, VtHp of 4V. If the output voltage is less 
than Vryp, the output is considered to be in a low state. For 
example, if the input is high and the output is less than Vrpp, 
a normal “ON” condition exists and the FAULT output is high. 
If the input is high and the output is greater than Vypip, a 
shorted load condition is indicated and the FAULT output is 
low. When the input is low and the output is greater than 
VtHp, a normal “OFF” condition is indicated and the FAULT 
output is high. If the input is low and the output is less than 
VTHp: an open load condition exists and the FAULT output is 
low. The FAULT output is disabled when the ENABLE input 
logic level is low. 
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The FAULT DETECTOR of the CA3272Q is shown here in an equivalent logic block diagram form. Channel A is one of 4 power switching 
functions displayed in the diagram. Transistor Q, is the protected power transistor switch that drives the “OUT A” terminal. The dotted block 
illustrates the logic block associated with the FAULT DETECTOR. The ENABLE input is common to each of the 4 power switches and also 
disables the FAULT output when it is low. From the “IN A” input to the “OUT A” output, the switch condition is inverting (NAND). When IN is 
high, OUT is low. The FAULT DETECTOR senses the IN and OUT states and switches QF “ON?” if a fault is detected. Transistor Q- activates 
a sink current source to pull-down the FAULT pin to a 0 (low) state when the fault is detected. Both shorted and open load conditions are 


detected. 


FIGURE 4. FAULT DETECTION FUNCTIONAL BLOCK DIAGRAM OF THE CA3272 & CA3292 


To detect an open load, each output has an internal low-level 
current sink which acts as a pull-down under open load fault 
conditions and is always active. The magnitude of this 
current plus any leakage associated with the output 
transistor will always be less than 100A. (The data sheet 
specification for Icey includes this internal low-level sink 
current). The output load resistance must be chosen such 
that the voltage at the output will not be less than Vyyp 
when the Ioex sink current flows through it under worse 
case conditions with minimum supply voltage. For example, 
assume a 6V minimum driver output supply voltage, a 
FAULT threshold reference voltage of Vryjp = 5V and an 
output current sink of Icgyx = 100pHA. Calculate the maximum 
load resistance that will not result in a FAULT output low 
state when the output is OFF. 


Rioap(max) = [VsuPPLY (min) = VTHD (max)] / ICEX (max) 
Rioap(max) = (6V-5V)/100N#A= 10KQ 


Since the CA3272 does not have on-chip diodes to clamp 
voltage spikes which may be generated during inductive 
switching of the load circuit, external zener diodes (30V or 


less) should be connected between the output terminal and 
ground. Only those outputs used to switch inductive loads 
require this protection. Note that since the rate of change of 
output current is very high, even small values of inductance 
can generate voltage spikes of considerable amplitude on 
the output terminals which may require clamping. External 
free-wheeling diodes returned to the supply voltage are 
generally not acceptable as inductive clamps if the supply 
voltage exceeds 30V during transients. 


CA3282 Power BiIMOS Driver with a Serial 
Peripheral Interface 


The CA3282 is a logic controlled Power Driver with a Serial 
Peripheral Interface (SPI). The chip is fabricated in a Power 
BiMOS process with high voltage and current drive capability. 
A functional block diagram is shown in Figure 5. There is an 
extensive amount of logic circuitry to provide individual diag- 
nostic feedback; including which output may be shorted. Each 
of the open collector output drivers has individual protection 
for over-current and overvoltage; and, each output has sepa- 
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rate output latch control. The current limiting of the CA3282 is 
set for a range of 1A to 2A (1A min.). In the normal ON state, 
each output driver is in a saturated low state. Comparators in 
the diagnostic circuit monitor the drain of the output drivers to 
determine if an out-of-saturation condition exists. If a compar- 
ator senses a voltage higher than the threshold trip level of 3V 
typical, the latch control circuit is reset (unlatched) and the 
respective output driver is shutdown. The on-chip current limit- 
ing protection is independent of the diagnostic feedback loop. 
If an over-current condition exists, the condition may be sus- 
tained unless the diagnostic circuit senses a fault condition or 
the over-temperature shutdown threshold is exceeded. 


Maximum current ratings allow all eight outputs to be turned 
on to a level of 0.5A. This is allowed because the CA3282 chip 
is packaged in 15 pin SIP power package with 3°C/W typical 
junction-to-case thermal resistance, allowing high dissipation 
capability in ambient temperatures up to 125°C. The thermal 
shutdown junction temperature threshold is set for 165°C. The 
CA3282 has on-chip thermal limiting, but not on an indepen- 
dent output basis. The limited physical separation of 8 outputs 
on a chip does not afford the same convenient and economi- 
cal spacing needed for individual thermal sensing and 
shutdown circuits that is achieved on the quad driver chips. 
The CA3282 output driver structure consists of an N-FET with 
a zener diode feedback from the drain to gate, forming an 
overvoltage clamp structure for protection from voltage spikes 
generated when switching inductive loads. The pulse energy 
is shunted to ground through the N-FET output driver. 


HIPOO80 & HIPO081 Quad Power MOSFE T 
Output Drivers with Diagnostic Interface 


The HIPOO80 & HIPOO81 are low side power switches 
fabricated in a Power BiMOS process technology. They can 
typically sustain higher voltage and current capability than 
that which can be achieved in Power Bipolar. Except for 
package and pinout differences, both circuits are functionally 
the same and are shown in the functional block diagram of 
Figure 6. The HIPOOS80 is intended to sustain 0.5A of drive 


TO DRIVERS 
1 THRU 7 


with all outputs “ON” while the HIPO081 can sustain 1A of 
output drive with all outputs “ON” and 3A maximum on each 
output. The output drivers are voltage rated up to the clamp 
level set by drain-to-gate zener diodes and typically clamp at 
80V. A 15 pin SIP power package is used to achieve 
maximum capability for the HIPOO81 while the HIPOO80 is 
available in the 28 pin PLCC WEB lead frame package. 


The diagnostic monitoring and feedback process of the 
HIPO080 & HIPO081 is different from the CA3272 & CA3292 
and the CA3282. Each output device is independently 
toggled on or off through a driver interface circuit that is, in 
part, controlled by over-current and over-temperature 
diagnostic feedback. The conditions on each output device 
are monitored to sense over-current, over-temperature, 
open-load and output-ground shorting. Four separate bits for 
each of the four outputs are loaded into a 16 bit serial 
diagnostic register. The diagnostic information is accessed 
with a low on the chip select pin and the clock input. Both 
datain and dataout pins are available to allow cascade 
operation. The first bit in the data readout is a fault error flag 
which is high if any one of the following 16 bits indicate a 
fault condition. When chips. are cascaded, the error flags are 
cascaded and a fault condition is immediately evident if there 
is a fault on any chip. Although, all bits must be read to 
determine where, if any, the fault condition exists. 


Another part of the diagnostic feedback circuits provides for 
digital delay filtering to prevent short transient over-current 
and « .tput voltage readings from loading the diagnostic regis- 
ter with false data. Each output is sensed with a window 
comparator to determine whether the output is high, low or 
centered. A resistor divider consisting of two 10KQ resistors 
set a centered (Vcc'/>) output voltage level for reference. 
When a centered reading is detected with the driver output off. 
The centered reading is sensed as a no load condition on the 
output. If the window comparator senses a low reading when the 
driver output is off, the result is interpreted as a short to ground. 
The results are passed through a digital delay filter and are trans- 
mitted to the diagnostic shift register. The over-current sense 
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FIGURE 5. CA3282 BLOCK DIAGRAM FOR ONE OF EIGHT DRIVER STAGES 
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level is read from a metal source-to-ground resistance in each 
output by a comparator that senses the voltage as a current. 
When an over-current level is detected, the result is sent through 
a digital delay filter to the diagnostic shift register and also toggles 
a latch circuit in the drive control which cuts-off drive to the output 
stage. Where a shorted condition exists, the short must be 
removed and the input toggled off and on to reset normal opera- 
tion. If an over-temperature condition is sensed, the feedback 
result is fed directly back to the input control stage to gate-off 
drive to the output stage while also loading the diagnostic shift 
register. Normal chip operation may resume when the chip is suf- 
ficiently cooled. There is a typical +15°C hysteresis shift intended 
by design to provide a cooling cutoff period. 


Summary 


While this information on the protective structures of the Quad 
& Octal Power Drivers should be helpful, it must also be 
recognized that the design of the application circuit should be 
consistent with performance requirements. Generally, the data 
sheets define parameters in terms of each separate switch. 
Although the data sheets do not specify parallel switch ratings 
and limits, the switches may be used in parallel to increase 
current drive capability. Also, there are a number of design 
considerations that will impact the continuing performance and 
reliability of the IC. The protective features of the Quad & Octal 
Drivers discussed here provide for a substantial gains by 
reducing the potential for catastrophic failure in the application. 
To gain a better insight into the device on-chip functions, the 
function block diagrams have been included here. Additional 
detail can be found in the data sheet for each type. 
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Harris Quality & Reliability 


Introduction 


Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improve- 
ment and evolution, with perfection as the constant goal. 


Harris Semiconductor’s commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force — from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market- 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 


Quality in integrated circuits cannot be added on or consid- 
ered after the fact. It begins with the development of capable 
process technology and product design. It continues in man- 
ufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 


The Role of The Quality Organization 


The emphasis on building quality into the design and manu- 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX programs and 
working with manufacturing to establish control charts, Qual- 
ity professionals are involved in the measurement of equip- 
ment capability, standardization of inspection equipment and 
processes, procedures for chemical controls, analysis of 
inspection data and feedback to the manufacturing areas, 
coordination of efforts for process and product improvement, 
optimization of environmental or raw materials quality, and 
the development of quality improvement programs with ven- 
dors. 


At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, consult- 
ing, and managing Quality Improvement projects. 


To support specific market requirements, or to ensure con- 
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every- 
one’s job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs — with 
the people who make the product. The Quality organization 
is there to provide leadership and assistance in the deploy- 
ment of quality techniques, and to monitor progress. 


The Improvement Process 


t 


STAGE IV 


PRODUCT 
IMPACT ON OPTIMIZATION 
ie STAGE lll 
PROCESS 
OPTIMIZATION 


STAGE Il 


PROCESS 
CONTROL 


STAGE | 


PRODUCT 
SCREENING 


SOPHISTICATION OF 
QUALITY TECHNOLOGY 


FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductors quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we embarked 
on a program to move beyond Stage I, and we are currently 
in the transition from Stage Il to Stage Ill, as more and more 
of our people become involved in quality activities. The tradi- 
tional “quality* tasks of screening, inspection, and testing are 
being replaced by more effective and efficient methods, put- 
ting new tools into the hands of all employees. Table 1 illus- 
trates how our quality systems are changing to meet today’s 
needs. 


Harris Standard Flows 


Harris Semiconductor offers a variety of standard product 
flows which cover the myriad of application environments 
our customers experience. These flows run the gamut of low 
cost commercial parts to fully qualified JAN microcircuits. All 
of these grades have one thing in common. They result from 
meticulous attention to quality, starting with design decisions 
made during product development and ending with the label- 
ing of shipping containers for delivery to our customers. The 
standard flows offered are: 


Commercial: Electrical performance guaranteed from 
0°C to +70°C 


/883: Mil-Std-883 compliant product: contact the 
factory or local Harris Sales Office for details 
on availability and specifications 


Details of the individual process requirements are contained 
in the flow charts on the following pages. 
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Harris Semiconductor Standard Processing Flows 


PROBE/DICE 
PREPARATION 


JAN CLASS B 
WAFER LOT 
ACCEPT 


HIGH/ROOM 
TEMP 
PROBE TEST 


ASSEMBLY (1) 


| Hl OPERATION 
*& QA MONITOR 


SILVER CLASS DISPERSAL 
MOUNT 


SILVER GLASS BAKE 
SILVER GLASS CURE 
SILVER GLASS FIRE 


QA DIE ATTACH 
CONTROL 


WIRE BOND 


% QA WIRE BOND 
CONTROL 


PRESEAL CLEAN 


DIE ATTACH 
CONTROL | 


- WIRE BOND 
CONTROL | 


: i 
BS 


| PRESEAL INSPECT 


ALL PRE-SEAL 
OPERATIONS 
IN CLASS 100 

LAMINAR FLOW 


%& QA PRESEAL INSPECT 


[asi] [cst] INSPECT 


_ PACKAGE SEALING 


STABILIZATION BAKE 


TEMPERTURE CYCLE 
(CYCLES) 


CENTRIFUGE 
TIN PLATING/SOLDER DIP 


%& QA LEAD FINISH 


ADDITIONALLY INSPECT 


PVAIEABEE FINE LEAK TEST 


100% NONDESTRUCT 


GROSS LEAK TEST 
BOND PULL . 


PIND TEST 100% 10G 
FRAME REMOVAL 


LOAD SHIPPING TUBES 


PIND TEST 100% 20G 


METHOD 2010 


CONDITION A QA FINAL INSPECT 


QA DOCUMENTATION 
INSPECT 


(1) Example for a PGA Package Part 


11-4 


COMMERCIAL : 


VISUAL INSPECTION 
MODIFIED 
MIL-STD-883 
METHOD 2010 
CONDITION B 50X 
WITH QA INSPECT 


YES 

YES 

YES 
2 HOUR 


YES 
2 HOUR 


AS APPLICABLE 
YES 


YES 
WHEN REQUIRED 
YES 
NO 
YES (5) 


YES 
NO 


YES 


_ YES 
AS APPLICABLE 


AS APPLICABLE 
NO 
YES 


YES 
YES 


VISUAL INSPECTION 
PER 


MIL-STD-883 
METHOD 2010 
CONDITION B 

WITH QA INSPECT 


YES 
YES 
YES 

2 HOUR 


YES 
2 HOUR 


AS APPLICABLE 
PER MIL-STD-883 
METHOD 2010, 
CONDITION B 


YES 
WHEN REQUIRED 
YES 
YES 
YES (50) | 


YES 
NO 


YES 


YES 
YES 


AS APPLICABLE 
NO 
YES 


YES 
YES 


Harris Semiconductor Standard Processing Flow (Continued) 


COMMERCIAL 


TEST 


Ml OPERATION 
& QA MONITOR 


ELECTRICAL TEST 
SORTING OPERATION 


* QA MONITOR 
SERIALIZE 


PREBURN-IN ELECTRICAL 


TEST 
BURN-IN (2) 


QUALITY 
CONFORMANCE 
BY MIL-STD-883 

METHOD 5005, 
GROUPS A, B, C 
AND D AS REQUIRED 


AC/DC SINGLE 


INSERTION TEST 
CAPABILITY; 
HIGH/LOW TEMP 


NO 
QUAL SAMPLES 


YES 


160 HOURS @ +125°C, & 
OR PER SLASH SHEET & 


POST BURN-IN TEST 


APPLY BURN-IN TEST 


APPLY BURN-IN PDA 


ide (AS APPLICABLE) 

DELTAS PER 
SLASH SHEET 
REQUIREMENT 
IF APPLICABLE 


BRAND 


YES 


YES 


IN HOUSE PACKAGE 
essen ieanth a EXTERNAL VISUAL YES YES 
& QUALITY GROUP A GROUP A, B; 
Ee aa, —" CONFORMANCE C,D 
COMPUTERIZED LOT (AS APPLICALBE)) 
TRACEABILITY 
MONITORING SYSTEM AS Noe 


i wha 


PACKAGE AND SHIP OR STOCK 


(2) Burn-in test temperatures can be increased and time reduced per regression tables in Mil-Std-883, Method 1015 


Advantages of Standard Flows — ; 
maintain a better product flow when there is no need to 


Wherever feasible, and in accordance with good value engi- restructure process and/or test procedures. 
neering practice, the IC user should specify device grades 
based on one of the five standard Harris manufacturing flows. 
These are more than adequate for the overwhelming majority 
of applications and may be utilized quite effectively if the user 
engineer bases designs on the standard data sheet, military 
drawing or slash sheet (as applicable) electrical limits. Reduction of risk. Since each product is processed indepen- 
dent of specific customer orders, the manufacturer absorbs pro- 
duction variability within its scheduling framework without major 
impact on deliveries. In a custom flow, a lot failure late in the 
e Lower cost than the same or an equivalent flow executed on _ production cycle can result in significant delays in delivery due 
a custom basis. This results from the higher efficiency to the required recycling time. 
achieved with a constant product flow and the elimination of | 
such extra cost items as special fixturing, test programs, 
additional handling and added documentation. 


¢ Increased confidence in the devices. A continuing flow of a 
given product permits the manufacturer to mointor trends 
which may bear on end-product performance or reliability 
and to implement corrective action, if necessary. 


Some of the more important advantages gained by using 
standard as opposed to custom flows are as follows: 


QUALITY AND 
RELIABILITY 


Despite the advantages of using standard flows, there are 
cases where a special or custom flow is mandatory to meet 
| design or other requirements. In such cases, the Harris Market- 
e Faster delivery. The manufacturer often can supply many ing groups stand ready to discuss individual customer needs 

items from inventory and, in any case, can establish and and, where indicated, to accomodate appropriate custom flows. 


Measurement | 
Analytical Services Laboratory 


Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services Labora- 
tory. Organized into chemical or microbeam analysis meth- 
odology, staff and instrumentation from both labs cooperate 
in fully integrated approaches necessary to complete analyt- 
ical studies. The capabilities of each area are shown below. 


SPECTROSCOPIC METHODS: Colorimetry, Optical Emis- 
sion, Ultraviolet Visible, Fourier Transform-infrared, Flame 
Atomic Absorption, Furnace Organic Carbon Analyzer, Mass 
Spectrometer. 


CHROMATOGRAPHIC METHODS: Gas Chromatography, 
lon Chromatography. 


THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 


PHYSICAL METHODS: Profilometry, Microhardness, Rhe- 
ometry. 


CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
lon Electrodes. 


ELECTRON MICROSCOPE: Transmission Electron Micros- 
copy, Scanning Electron Microscope. 


X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), X-ray 
Fluorescence Spectrometry, X-ray Diffraction Spectrometry. 


SURFACE ANALYSIS METHODS: Scanning Auger Micro- 
probe, Electron Spectroscope/Chemical Analysis, Second- 
ary lon Mass Spectrometry, lon Scattering Spectrometry, lon 
Microprobe. 


The department also maintains ongoing working arrange- 
ments with commercial, university, and equipment manufac- 
turers’ technical service laboratories, and can obtain any 
materials analysis in cases where instrumental capabilities 
are not available in our own facility. 


Calibration Laboratory 


Another important resource in the product assurance system 
is Harris Semiconductor's Calibration Lab. This area is 
responsible for calibrating the electronic, electrical, electro/ 
mechanical, and optical equipment used in both the produc- 
tion and engineering areas. The accuracy of instruments 
used at Harris in calibration is traceable to the National 
Bureau of Standards. The lab maintains a system which 
conforms to the current revision of MIL-STD-45662, “Calibra- 
tion System Requirements.” | | 


Each instrument requiring calibration is assigned a calibra- 
tion interval based upon stability, purpose, and degree of 
use. The equipment is labeled with an identification tag on 
which is specified both the date of the last calibration and of 
the next required calibration. The Calibration Lab reports on 
a regular basis to each user department. Equipment out of 
calibration is taken out of service until calibration is per- 
formed. The Quality organization performs periodic audits to 
assure proper control in the using areas. Statistical proce- 
dures are used where applicable in the calibration process. 


Field Return Product Analysis System 


The purpose of this system is to enable Harris’ Field Sales 


_and Quality operations to properly route, track and respond 


to our customers’ needs as they relate to product analysis. 
The Product Failure Analysis Solution Team (PFAST) con- 
sists of the group of people who must act together to provide. 
timely, accurate and meaningful results to customers on 
units returned for analysis. This team includes the salesman 
or applications engineer who gets the parts from the cus- 
tomer, the PFAST controller who coordinates the response, 
the Product or Test Engineering people who obtain charac- 
terization and/or test data, the analysts who failure analyze 
the units, and the people who provide the ultimate corrective 
action. It is the coordinated effort of this team, through the 
system described in this document that will drive the Cus- 
tomer responsiveness and continuous improvement that will 
keep Harris on the forefront of the semiconductor business. 


The system and procedures define the processing of prod- 
uct being returned by the customer for analysis performed by 
Product Engineering, Reliability Failure Analysis and/or 
Quality Engineering. This system is designed for processing 
“sample” returns, not entire lot returns or lot replacements. 


The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 


Goals: quick, accurate response, uniform deliverable (con- 
sistent quality) from each site, traceability. 


The PFAST system is summarized in the following steps: 
1) Customer calls the sales rep about the unit(s) to return. 


2) Fill out PFAST Action Request see the PFAST form in this 
section. This form is all that is required to process a Field 
Return of samples for failure analysis. This form contains 
essential information necessary to perform root cause 
analysis. (See Figure 2). 


3) The units must be packaged in a manner that prevents 
physical damage and prevents ESD. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using “look-up” tables in the PFAST document. 


4) The PFAST controller will log the units and route them to 
ATE testing for data log. 


5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 


6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of mate- 
rial. The customer contact is valuable in analytical pro- 
cess to insure root cause is found. 


7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with cor- 
rective actions and to the PFAST controller so that the 
records will capture the closure of the cycle. 
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8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 


9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on agree- 
ments. Interim results are given realtime. 


Failure Analysis Laboratory 


The Failure Analysis Laboratory’s capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 


SPECIAL TESTS 


FAILURE MODE 
PREDICTIONS 


SELECT ANALYSIS PATH | 


FIGURE 3. NON-DESTRUCTIVE 


Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective actions. 
To ensure the integrity of the analysis, correlation of the fail- 
ure mechanism to the initial electrical failure is essential. 


A general failure analysis procedure has been established in 
accordance with the current revision of MIL-STD-883, Sec- 
tion 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are deter- 
mined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and contain 
data, the failure analyst’s notes, and the formal Product 
Analysis Report. 


DEENCAPSULATION 
INTERNAL VISUAL 
INSPECTION 
INTERNAL ELEC 
TRICAL PROBE 
ANALYSIS 


PHYSICAL 
TESTS 
CHEMICAL 
TESTS 


PROCESS 
DATA 


RESEARCH 
DATA 


CIRCUIT 
HISTORY 


ANALYSIS 
REPORT 


FIGURE 4. DESTRUCTIVE 
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) 3 an Request # 
HARRI S | _* Customer Analysis # _ Es 


SEMICONDUCTOR PFAST ACTION REQUEST 


Date: 


ORIGINATOR | CUSTOMER 
| LOCATION/PHONE No. | LOCATION 

DEVICE TYPE/PART No. - | | } PURCHASE ORDER NO. 
f No. SAMPLES RETURNED | | QUANTITY RECEIVED 


: THE COMPLETENESS AND TIMELY RESPONSE OF THE EVALUATION IS DIRECTLY RELATED TO THE COMPLETENESS 
OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. . 

TYPE OF PROBLEM DETAILS OF REJECT 

¥ (Where appropriate serialize units and specify for each) 


f 1. 0 INCOMING INSPECTION TEST CONDITIONS RELATING TO FAILURE 
C1 100% ScREEN OO SAMPLE INSPECTION (1) TESTER USED (MFGR/MODEL) 
No. TESTED No. OF REJECTS 1 Test TEMPERATURE 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? O Test Time: 0 Continuous TEST 
0 YES O NO O One SHOT (T = SEC) 
C) BRIEF DESCRIPTION OF EVALUATION (1) DESCRIPTION OF ANY OBSERVED CONDITION TO 
AND RESULTS AFTACHED WHICH FAILURE APPEARS SENSITIVE: 
2. O1 IN PROCESS/MANUFACTURING FAILURE _ ) 
O BOARD CHECKOUT (1 SysTEM CHECKOUT 
CO) FAILED ON TURN-ON 1. O DC FAILures 
(© FAILED AFTER HOURS OPERATION OC Orens 0 SHorts 0) LeakaGe (11 STRESS © 
WAS UNIT RETESTED UNDER INCOMING INSPECTION C1 Power Drain 0 INpuT LeveL 0 Output LeveL 
CONDITIONS? O YES O NO | C) LIST OF FORCING CONDITIONS AND MEASURED 
0) BRIEF DESCRIPTION OF HOW FAILURE WAS ISOLATED RESULTS FOR EACH PIN IS ATTACHED 
TO COMPONENT ATTACHED C1 POWER SUPPLY SEQUENCING ATTACHED 
7 3. O RED FAILURE . | 2. © AC FAILURES 
FAILED AFTER HOURS OPERATION LIST FAILING CHARACTERISTICS 
ESTIMATED FAILURE RATE % PER 1000 HOURS 
END USER LOCATION 
AMBIENT TEMPERATURE C ADDRESS OF FAILING LOCATION (IF APPLICABLE) 
MIN. C MAX. Cc 
REL. HUMIDITY %o ATTACHED: 
C1 END USER FAILURE CORRESPONDENCE ATTACHED [1 List OF POWER SUPPLY AND DRIVER LEVELS 


aes (Include pictures of waveforms). 
| ACTION REQUESTED BY CUSTOMER 0 List OF OUTPUT LEVELS AND LOADING CONDITIONS 


0 INPUT AND OUTPUT TIMING DIAGRAMS 
| C) DESCRIPTION OF PATTERNS USED 
SPECIFIC ACTION REQUESTED (If not standard patterns, give very complete 
5—————— description including address sequence). 
IMPACT OF FAILED UNITS ON CUSTOMER’S SITUATION: 3. 1 PROM PROGRAMMING FAILURES 
ADDRESS OF FAILURES 
PROGRAMMER USED (MFG/MODEL/REV. NO.) 


# CUSTOMER CONTACTS WITH SPECIFIC KNOWLEDGE OF REJECTS 


NAME sd ,s«s PySICAL/ASSEMBLY RELATED FAILURES 
POSITION PHONE. O SEE COMMENTS BELOW © SEE ATTACHED 


: Additional Comments: 


FIGURE 2. PFAST ACTION REQUEST 
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Reliability 
Reliability Assessment and Enhancement 


At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This 
starts by ensuring the excellence of the design, layout, and 
manufacturing process. The quality of the raw materials and 
workmanship is monitored using statistical process control 
(SPC) to preserve the reliability of the product. The primary 
and ultimate goal of these efforts is to provide full perfor- 
mance to the product specification throughout its useful life. 
Product reliability is maintained through the following 
sources: Qualifications, In-Line Reliability Monitors, Failure 
Analysis. 


Qualifications 


Qualifications at Harris de-emphasize the sole dependence 
on production product which is only available late in the 
development cycle. The focus is primarily on the use of test 
vehicles to establish design ground rules for the product and 
the process that will eliminate any wearout mechanisms dur- 
ing the useful life of the product. However, to comply with the 
military requirements concerning reliability, product qualifica- 
tions are performed. (See Figure 5). 


In-line Reliability Monitors 


In-line reliability monitors provide immediate feedback to 
manufacturing regarding the quality of workmanship, quality 
of raw materials, and the ultimate reliability implications. The 
rudimentary implementation of this monitoring is the “First 
Line of Defense,” which is a pass/ fail acceptance procedure 
based on control charts and trend analysis. The second level 
of monitoring is referred to as the “Early Warning System” 
and incorporates wafer level reliability concepts for extensive 
diagnostic and characterization capabilities of various com- 
ponents that may impact the device reliability or stability. The 
quick feedback from these schemes allows more accurate 
correlation to process steps and corrective actions. 


Product/Package Reliability Monitors 


Reliability of finished product is monitored extensively under 
a program called Matrix |, Il, Il] monitor. All major technolo- 
gies are monitored. 


Matrix | Has a higher sampling size and rate per week and 
uses short duration test, usually less than 48 hours to 
assess day to day, week to week reliability. High volume 
types are prevalent in this data. Stresses Operating Life, 
Static Life and HAST. T, = +125°C to +200°C 


Matrix It Longer duration test, much like requalification. The 
sample sizes are reduced in number and frequency, yet 
meet or exceed the JEDEC Standard 29. Stresses Operat- 
ing Life, Storage, THB, Autoclave, Temp Cycle, and Thermal 
Shock. 


Matrix Ill Package specific test. Tests Solderability, Lead 
Fatigue, Physical Dimensions, Brand Adhesion, Flammabil- 
ity, Bond Pull, Constant Acceleration, and Hermeticity. Data 
from these Monitor Stress Test provides the following infor- 
mation: 


¢ Routine reliability monitoring of products by die technology 
and package styles. 


¢ Data base for determining FIT Rates and Failures Mode 
trends used drive Continuous Improvement. 


¢ Major source of reliability data for customers. 


¢ Customers have used this data to qualify Harris products. 


Reliability Fundamentals 


Reliability, by its nature, is a mixture of engineering and 
probability statistics. This combination has derived a vocabu- 
lary of terms essential for describing the reliability of a 
device or system. Since reliability involves a measurement of 
time, it is necessary to accelerate the failures which may 
occur. This, then, introduces terms like “activation energy” 


‘and “acceleration factor,” which are needed to relate results 


of stressing to normal operating conditions (see Table 1). 
Also, to assess product reliability requires failures. There- 
fore, only a statistical sample can be used to determine the 
model of the failure distribution for the entire population of 
product. 


Failure Rate Calculations 


Reliability data for products may be composed of several dif- 
ferent failure mechanisms and requires careful combining of 
diverse failure rates into one comprehensive failure rate. Cal- 
culating the failure rate is further complicated because fail- 
ure mechanisms are thermally accelerated at varying rates 
and thereby have differing accelerating factors. Additionally, 
this data is usually obtained a variety of life tests at unique 
stress temperatures. The equation below accounts for these 
considerations and then inserts a statistical factor to obtain 
the confidence interval for the failure rate. 


FIT = B X; 
>» k x1? xM 
i=1 Dy TDH; AF; 


j= 
B= # of distinct possible failure mechanisms 


K= # of life tests being combined 


Xi= # of failures for a given failure mechanism 
i= 1,2,...B 


TDGj = Total device hours of test time (unacceler- 
ated) for Life Testj 


AFij = Acceleration factor for appropriate failure 
mechanism i= 1,2,...K 


M = Statistical factor for calculating the upper 
confidence limit (M is a function of the total 
number of failures and an estimate of the 
standard deviation of the failure rates) 


In the failure rate calculation, Acceleration Factors (AF) are 
used to derate the failure rate from thermally accelerated Life 
Test conditions to a failure rate indicative of use temperatures. 
Though no standards exist, a temperature of +55°C has been 
popular and allows some comparison of product failure rates. 
All Harris Semiconductor Reliability Reports will derate to 
+55°C at both the 60% and 95% confidence intervals. 
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FLOW - PRODUCT DEVELOPMENT 


PRODUCT DEFINITION REVIEW 
CONCEPT REVIEW 


DE REVIEW PAR 


DESIGN REVIEW PART 2 


LAYOUT REVIEW PART 1 


LAYOUT REVIEW 2 


EVALUATION REVIEW 


NEW PRODUCT TRANSFER 


MANUFACTURE 


SHIPMENT 
CONTINUOUS IMPROVEMENT 


RELIABILITY FOCUS 


* Assumes Process Development Required 


kak 


¢ Evaluate Reliability Risks Factors | 

e Attain Commitment for Test Vehicle (T.V.) Development 

¢ Review Test Vehicle Development and Stress Test Plan 

¢ Review Package Requirements | 

e Review Latent Failure Mechanism History for Design Sensitivity and Elimination 
° Review Ground Rules for Design and Elimination of Wearout Mechanisms 


e Review Process Characterization, Statistical Control & Capability which are De- 
sign Considerations 

¢ Review Test Vehicle Stress Results 

e Review Device Modeling & Simulations 

e Review Process Variability & Producibility 

* Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 


zee 


¢ Verify Wearout Mechanisms are Eliminated by Design & Process Control 
(Test Vehicle + SPC) 


¢ Evaluate Design of Chip to Package Risk Factors 
e Review Ground Rule Checks (DRCs) 


e Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Fail- 
ure Rate Based on T.V. Data. | 


¢ Review Burn-In Diagrams for Production and Qualification 
¢ Review Overall Qualification Plan & Begin Balance of Life Test 


akan 


'| © Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results 


& Define Corrective Actions 

¢ Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 

¢ Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or 
Design 

e Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 

e If Mature Process - Grant Generic Release ; : 

¢ Qualification Requirements Complete and Presented. Meet FIT Rate Requirements 


¢ Review Infant Mortality (I.M.) Burn-in Results. If Greater Than 1% at +125°C 
Determine I.M. Burn-in Requirements 


¢ Reliabiltiy Monitors: 
- Real Time Early Warning Wafer Level Reliability contro! 
- Real Time Reliability Control of Burn-in PDA with Control Charts 
- Add-On Life Testing: - Mil Std Group C & D | 
- Industria/Commercial Life Testing — 


¢ Trend Analysis of Reliability Performance Used to Develop Product Improve- 
ments 
e Special Studies 


xe 


¢ High Quality and Reliability Products to Harris Customers 


¢ Failure Analysis - Determine Assignable Cause of Failure 


e Closed Loop Corrective Action Process 
¢ Continuous Improvement Objectives in Product Reliability & Quality 


FIGURE 5. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Acceleration Factors 


The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe phys- 
iochemical reaction rates and is an appropriate model for 
expressing the thermal acceleration of semiconductor failure 
mechanisms. 


AF = EXP Ea ( 1 - 1 ) 
K Tuse Tstress 


AF = Acceleration Factor 
E, = Thermal Activation Energy in eV from Table 8 
K = Boltzmann’s Constant (8.62 x 10-5 eV/°K) 


Both Tuse and Tstress (in degrees Kelvin) include the inter- 
nal temperature rise of the device and therefore represent 
the junction temperature. With the use of the Arrhenius 
Equation, the thermal Activation Energy (Ea) term is a major 
influence on the result. This term is usually empirically 
derived and can vary widely. 


TABLE 1. FAILURE RATE PRIMER 


GLOSSARY OF TERMS 


TERMS/DEFINITIONS UNITS/DESCRIPTION 


FAILURE RATE A 


For Semiconductors, usually expressed in FITs. 


Represents useful life failure rate (which implies a constant 
failure rate). 


FITs are not applicable for infant mortality or wearout failure 
rate expressions. 


MTTF - Mean Time To Failure 


For semiconductors, MTTF is the average or mean life ex- 
pectancy of a device. 


If an exponential distribution is assumed then the mean time 
to fail of the population will be when 63% of the parts have 
failed. 


CONFIDENCE INTERVAL (C. 1.) 


Establishes a Confidence Interval for failure rate predic- 
tions. Usually the upper limit is most significant in express- 
ing failure rates. 


FIT - Failure In Time 


1 FIT - 1 failure in 10° device hours. 
Equivalent to 0.0001%/1000 hours 


FITs = : 
# Failures x 10° xm 
# Devices x # hours stress x AF 


m- Factor to establish Confidence Interval 
10°- Establishes in terms of FITs 


AF - Acceleration Factor at temperature for a given failure 
mechanism 


Mean Time is measured usually in hours or years. 


1 Year = 8760 hours 


When working with a constant failure rate the MTTF can be 
calculated by taking the reciprocal of the failure rate. 


MTTF = IA (exponential model) 
Example: =10 FITs at +55°C 


The MTTF is: MTTF =I/A=0.1 x 10° hours 
= 100M hours 


Example: 


“10 FITs @ a 95% C. |. @ 55°C” means only that you are 
95% certain the the FITs <10 at +55°C use conditions. 
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| Activation Energy 


To determine the Activation Energy (Ea) of a mechanism 
(see Table 2) you must run at least two (preferably more) 
tests at different stresses (temperature and/or voltage). The 
stresses will provide the time to failure (Tf) for the popula- 
tions which will allow the simultaneous solution for the Acti- 
vation Energy by putting the experimental results into the 
following equations. 


In. (ty) = C # -E, 
KT, 


In (tfo) = C + E, 
KT. 


Then, by subtracting the two equations, the Activation 
Energy becomes the only variable, as shown. 


In(ty4) ~ In(tyo) = E,/k(1/T1-1/T2) 
Eq =K* ((lin(ty) ~ In(tig))/(1/T4 - 1/72) 


The Activation Energy may be estimated by graphical analy- 
sis plots. Plotting In time and In temperature then provides a 
convenient nomogram that solves (estimates) the Activation 
Energy. 


Table 3 is a summary for the L7 process. 


All Harris Reliability Reports from qualifications and Group 
C1 (all high temperature operating life tests) will provide the 


data on all factors necessary to calculate and verify the 
reported failure rate (in FITs) using the methods outlined in 
this primer. 


Qualification Procedures 


New products are reliably introduced to market by the proper 
use of design techniques and strict adherence to process 
layout ground rules. Each design is reviewed from its con- 
ception through early production to ensure compliance to 
minimum failure rate standards. Ongoing monitoring of reli- 
ability performance is accomplished through compliance to 
883C and standard Quality Conformance Inspection as 
defined in Method 5005. 


New process/product qualifications have two major require- 
ments imposed. First is a check to verify the proper use of 
process methodology, design techniques, and layout ground 
rules. Second is a series of stress tests designed to acceler- 
ate failure mechanisms and demonstrate the reliability of 
integrated circuits. 


From the earliest stages of a new product's life, the design 
phase, through layout, and in every step of the manufactur- 
ing process, reliability is an integral part of every Harris — 
Semiconductor product. This kind of attention to detail “from 
the ground up” is the reason why our customers can expect 
the highest quality for any application. 


_ TABLE 2. FAILURE MECHANISM 


Assembly 0.5 - 0.7eV 
Defects 
0.6eV 
0.9eV 


1.0eV 


Electromigration 
- Al Line 
- Contact 


Mask Defects/ 
Photoresist 
Defects 


Contamination 


vated temperatures. 


and HTOL. 


FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY 
Oxide Defects 0.3 - 0.5eV High temperature operating life (HTOL) and 
; voltage stress. Defect density test vehicles. 
Silicon Defects 0.3 - 0.5eV HTOL & voltage stress screens. 
(Bulk) . . 
0.45eV Highly accelerated stress testing (HAST) 


Temperature cycling, temperature and me- 
chanical shock, and environmental stressing. 


Test vehicle characterizations at highly ele- 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 


C-V stress at oxide/interconnect, wafer FAB 
device stress test (EWS) and HTOL. 


Charge Injection HTOL & oxide characterization. 


CONTROL METHODOLOGY 


Statistical Process Control of oxide parameters, 
defect density control, and voltage stress testing. 


Vendor statistical Quality Control programs, and 
Statistical Process Control on thermal processes. 


Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 


Vendor Statistical Quality Control programs, Sta- 
tistical Process Control of assembly processes 
proper handling methods. | 


Design ground rules, wafer process statistical pro- 
cess steps, photoresist, metals and passivation 


Clean room control, clean mask, pellicles Statisti- 
cal Process Control or photoresist/etch processes. 


Statistical Process Contro! C-V data, oxide/inter- 
connect cleans, high integrity glassivation and 
clean assembly processes. 


Design ground rules, wafer level Statistical Pro- 
cess Control and critical dimensions for oxides. 


TABLE 3. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 


PROCESS DE- 
SCRIPTION. 


GENERIC 
GROUP GROUP NAME 


QUANITY 
C-105-5 Microprocessor and | SAJI CMOS L7 5.72 E + 06 
Peripherals | 


FAILURE 
RATE FITs @ 
55°C 60% Cl 


QUANTITY 
FAILURE 


HOURS @ 
125°C 


11-12 


Harris High Reliability Product Specification Highlights 


Harris Semiconductor is a leading supplier of high reliability 
integrated circuits to the military and aerospace community 
and takes pride in offering products tailored to the most 
demanding applications requirements. Our Manufacturing 
facilities are JAN-Certified to MIL-M-38510 and provide JAN- 
qualified and MIL-STD-883 compliant products as standard 
data book items. This DSP Data Book contains detailed 
information on high-reliability integrated circuits presently 
available from Harris Semiconductor. 


The intent of the /883 data sheet is to provide to our custom- 
ers a clear understanding of the testing being performed in 
conformance with MIL-STD-883 requirements. Additionally, 
it is our intent to provide the most effective and comprehen- 
sive testing feasible. 


Document Control 


Harris has established each of the /883 data sheets as an 
internally revised controlled document. Any product revision 
or modification must be approved and signed-off throughout 
the manufacturing and engineering sections. Harris has 
made every effort to ensure accuracy of the information in 
this data book through quality control methods. Harris 
reserves ‘the right to make changes to the products con- 
tained in this data book to improve performance, reliability 
and producibility. Each data sheet will use the printed date 
as the revision control identification. Contact Harris for the 
latest available specifications and performance data. 


/883 Data Sheet Highlights 


Each specific /883 data sheet documents the features, 
description, pinouts, tested electrical parameters, test cir- 
Cuits, burn-in circuits, die characteristics, packaging and 
design information. The following are notes and clarifications 
that will help in applying the information provided in the data 
sheet. 


Absolute Maximum Ratings: These ratings are provided 
as maximum stress ratings and should be taken into consid- 
eration during system design to prevent conditions which 
may Cause permanent damage to the device. Operation of 
the device at or above the “Absolute Maximum Ratings" is 
not intended, and extended exposure may affect the device 
reliability. 


Reliability Information: Each /883 data sheet contains 
thermal information relating to the package and die. This 
information is intended to be used in system design for 
determining the expected device junction temperatures for 
overall system reliability calculations. 


Packaging: Harris utilizes MIL-M-38510, Appendix C for 
packages used for /883 products. The mechanical dimen- 
sions and materials used are shown for each individual prod- 
uct to complete each data sheet as a self contained 
document. 


D.C. and A.C. Electrical Parameters: Tables 1 and 2 define 
the D.C. and A.C. Electrical Parameters that are 100% 
tested in production to guarantee compliance to MIL-STD- 
883. The subgroups used are defined in MIL-STD-883, 
Method 5005 and designated under the provisions of Para- 
graph 1.2.1a. Test Conditions and Test Circuits are provided 
for specific parameter testing. 


Table 3 provides additional device limits that are guaranteed 
by characterization of the device and are not directly tested 
in production. Characterization takes place at initial device 
design and after any major process or design changes. The 
characterization data is on file and available demonstrating 
the test limits established. 


Table 4 provides a summary of the test requirements and the 
applicable MIL-STD-883 subgroups. 


Burn-in Circuits: The Burn-in circuits defined in the individ- 
ual data sheets are those used in the actual production pro- 
cess. Burn-in is conducted per MIL-STD- 883, Method 1015. 


Design Information Sections: Harris provides an additional 
Design Information Section in many of the data sheets to 
assist in system application and design. This information 
may be in the form of applications circuits, typical device 
parameters, or additional device related user information 
such as programming information. While this information 
cannot be guaranteed, it is based on actual characterization 
of the product and is representative of the data sheet device. 
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High Reliability Products Information 


Harris’ High Reliability Products are all produced in accor- 
dance with military specifications and standards, primarily 
MiL-M-38510 (General Specifications for Microcircuits) and 
MIL-STD-883 (Test Methods and Procedures for Microelec- 
tronics). 


MIL-STD-883 contains test methods and procedures for var- 
ious electrical, mechanical and environmental tests as well 
as requirements for screening, qualification and quality con- 
formance inspection. Method 5004 of MIL-STD-883 lists the 
100% screening tests which are required for each of the 
product assurance classes defined above. 


Following the device screening, samples are removed from 
the production lot(s) for Quality Conformance Inspection 
testing. This testing is divided into four inspection groups: A, 
B, C and D, which are performed at prescribed intervals per 
MIL-M-38510 to assure the processes are in control and to 
ensure the continued quality level of the product being pro- 
duced. 


Group A electrical inspection involves dynamic, static, func- 
tional and switching tests at maximum, minimum and room 
operating temperatures. Sample sizes and specific tests per- 
formed depend upon the particular product assurance class 
chosen. Electrical test sampling is performed on all sub- 
groups as defined in MIL-STD-883, Method 5005. 


Group B inspection includes tests for marking permanency, 
internal visual and mechanical correctness, bond strength, 
and solderability. It is intended to provide assurance of the 
absence of lot-to-lot fabrication and manufacturing vari- 
ances. Group B tests are again defined in test Method 5005. 


Group C is oriented toward die integrity and consists of 
operating life testing as defined in MIL-STD-883, Method 
5005. . 


Group D environmental testing is provided to verify die and 


package reliability. Among the Group D tests are lead integ- 
rity, hermeticity, temperature cycling, thermal and mechani- 


cal shock, and constant acceleration.  _—i_rv. 


MIL-M-38510 requires that Group A and Group B inspection 
be performed on each lot, while Group C inspection must be 
done every 3 months and Group D every 6 months to be in 
compliance with MIL-M-38510 JAN requirements. To limit 
the amount of testing, MIL-M-38510 allows the multitude of 
micro- circuits to be grouped by technology, commonly 
known as “generic families". Thus, one group C performed 
will cover all parts included in that generic family for three 
months. For Group D, which is package related, although 
there are some restrictions, one Group D performed on a 24- 
pin ceramic dual-in-line packaged part will cover all devices 
in the same package regardless of the technology group. 


For MIL-STD-883 products, Groups A and B are required on 


each lot, Groups C and D are required every 52 weeks by 
generic die family and package fabricated and manufactured 
from the same plant as the die and package represented. 
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General Test Philosophy 


The general philosophy for test set development is to supply 
test software that guarantees the high performance and 
quality of the products being designed and manufactured by 
Harris. The general final test set includes a guardbanded ini- 
tial test program and a QA test program for the quality test 
step. Characterization software is an additional test program 
that parametrically measures and records the performance 
of the device under test. This test set is used to evaluate the 
performance of a product and to determine the acceptability 
of non-standard Source Control Drawings. BSPEC and 
RSPEC test programs are custom final test programs written 
to conform to customer specifications. 


The general test development strategy is to develop software 
using a “shell” programming technique which creates stan- 
dard test program flows, and reduces test development and 
execution times. Statistically derived guardbands are utilized 
in the “shell” programs to null out test system variability. High 
performance hardware interface designs are incorporated 
for maximized test effectiveness, and efficient fault graded 
vector sets are utilized for functional and AC testing. 


The initial step in generating the test set is the test vector 
generation. The test vectors are the binary stimulus applied 
to the device under test to functionally test the operation of 
the product. The vectors are developed against a behavioral 
model that is a software representation of the device func- 
tionality. The output of the behavioral model can be trans- 
lated directly to ATE test vectors or prepared for CAD 
simulation. 


The philosophy in the generation of test vectors is to develop 
efficient fault graded patterns with a goal of greater than 
90% fault coverage. There is no intent to generate a worst 
case or best case noise vector set. The intent is to maximize 
fault coverage through efficient vector use. Generally only 
one vector set will be required to enable complete test cover- 
age within a given test program. 


Exceptions to this would be vector generation to test certain 
identified critical AC speed paths or DC vectors for testing 
VIH/VIL parameters. These vector sets typically will not 
increase fault coverage and can not be substituted for fault 
graded vector sets. 


The ultimate goal for testing all /883 products is data sheet 
compliancy, thoroughness, and quality of testing. By taking 
this approach to test set generation, Harris is capable of sup- 
plying high performance semiconductors of the highest qual- 
ity to the marketplace. 


Non-Standard Product Offerings 


Harris understands the need for customer generated Source 
Control Drawings with non-standard parameter and/or 
screening requirements. A Customer Engineering Depart- 
ment is responsible for efficiently expediting your SCDs 
through a comprehensive review process. The Customer 
Engineering Group compares your SCD to its closest equiv- 
alent grade device type and works closely with the Product 
Engineer, Manufacturing Engineer, Design Engineer, or 
applicable individual to compare Harris’ screening ability 
against your non-standard requirement(s). For product pro- 
cessed to non-standard requirements, a unique part number 
suffix is assigned. 


Harris shares the military's objective to utilize standards 
wherever possible. We recommend using our /883 data 
sheet as the guideline for your SCD’s. In instances where an 
available military specification or Harris /883 datasheet is 
inappropriate, it is Harris’ sincerest wish to work closely with 
the buyer in establishing an acceptable procurement docu- 
ment. For this reason, the customer is requested to contact 
the nearest Harris Sales Office or Representative before 
finalizing the Source Control Drawing. Harris looks forward 
to working with the customer prior to implementation of the 
formal drawing so that both parties may create a mutually 
acceptable procurement document. 
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IC Handling Procedures : 


Harris IC processes are designed to produce the most rug- 
ged products on the market. However, no semiconductor is 
immune from damage resulting from the sudden application 
of many thousands of volts of static electricity. While the phe- 
nomenon of catastrophic failure of devices containing MOS 
transistors or capacitors is well known, even bipolar circuits 
can be damaged by static discharge, with altered electrical 
properties and diminished reliability. None of the common IC 
internal protection networks operate quickly enough to posi- 
tively prevent damage. | 


It is suggested that all semiconductors be handled, tested, 
and installed using standard “MOS handling techniques” of 
proper grounding of personnel and equipment. Parts and 
subassemblies should not be in contact with untreated plas- 
tic bags or wrapping maierial. High impedance IC inputs 
wired to a P.C. connector should have a path to ground on 
the card. 


Handling Rules 


Since the introduction of integrated circuits with MOS struc- 
tures and high quality junctions, a safe and effective means 
of handling these devices has been of primary importance. 
One method employed to protect gate oxide structures is to 
incorporate input protection diodes directly on the monolithic 
chip. However, there is no completely foolproof system of 
chip input protection in existence in the industry. In addition, 
most compensation networks in linear circuits are located at 
high impedance nodes, where protection networks would 
disturb normal circuit operation. If static discharge occurs at 
sufficient magnitude (2kV or more), some damage or degra- 
dation will usually occur. It has been found that handling 
equipment and personnel can generate static potentials in 
excess of 10kV in a low humidity environment. Thus it 
becomes necessary for. additional measures to be imple- 
mented to eliminate or reduce static charge. It is evident, 
therefore, that proper handling procedures or rules should 
be adopted. 


Elimination or reduction of static charge can be accom- 
plished as follows: 


e Use static-free work stations. Static-dissipative mats on 
work benches and floor, connected to common point 
ground through a 1MV resistor, help eliminate static build- 
up and discharge. Do not use metallic surfaces. 


Ground all handling equipment. 


Ground all handling personnel with a conductive bracelet 
through 1MV to ground (the 1MV resistor will prevent elec- 
troshock injury to personnel). Transient product personnel 
should wear grounding heel straps when conductive floor- 
ing is present. : 


Smocks and clothing of certain insulating materials (nota- 
bly nylon) should not be worn in areas where devices are 
handled. These materials, highly dielectric in nature, will 
hold, or aid in the generation of a static charge. Where 
they cannot be eliminated, natural materials such as cot- 
ton should be used to minimize charge generation capac- 
ity. Conductive smocks are also available as an alterna- 
tive. 


Control relative humidity to as high a level as practical. 
50% is generally considered sufficient. (Operations should 
cease if R.H. falls below 25%). 


lonized air blowers reduce charge build-up in areas where 
grounding is not possible or practical. 


Devices should be in conductive static-shielded containers 
during all phases of transport. Leads may be shorted by 
tubular metallic carriers, conductive foam, or foil. 


e 


e 


In automated handling equipment, the belts, chutes, or 
other surfaces should be of conducting non-metal mate- 
rial. If this is not possible, ionized air blowers or ionizing 
bars may be a good alternative. 
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ESD Handling Procedures 


Harris has developed a static control program that enables 
employees to detect problems generated by static electricity 
whether on site, in transit, or in the field. Controlling the 
requirements, methods, materials, and training for static pro- 
tection of our products is ongoing and updated with new 
developments in electrostatic prevention. Harris has 
responded with controls and procedures as part of daily 
operations to be followed in all areas. 


The challenge is to insure all electrostatic contro! procedures 
are followed throughout the system - from manufacturing 
through end use. Unprotected integrated circuits can be 
destroyed or functionally altered by merely passing them 
through the electrostatic field of something as simple as Sty- 
rofoam<tm> or human contact. 


Measures of Protection and Prevention 


When handling static sensitive devices, three standard pro- 
cedures must be followed: 


1. Prior to any handling of static-sensitive components, the 
individual must be properly grounded. 


2. All static-sensitive components must be handled at static 
safeguarded work stations. 


3. Containers and packing materials that are static-protec- 
tive must be used when transporting all static-sensitive 
components. 


Special handling equipment (static-safeguarded work sta- 
tions, conductive wrist straps, static-protected packaging, 
ionized air blowers) should be used to reduce damaging 
effects of electrostatic fields and charges. 


Static-safeguarded work station is an area that is free 
from all damaging electricity, including people. To accom- 
plish this, static on conductors and nonconductors must be 
controlled. 


Controlling electrically conductive items can be accom- 
plished by bonding and grounding techniques. The human 
body is considered a conductor of electricity and is by far the 
greatest generator of static electricity. Personnel handling 
ICs must use conductive wrist straps to ground themselves. 
Simple body moves act like a variable capacitor, and can 
create static charges. In addition, conductive clothing is rec- 
ommended for minimizing electrostatic build up. 


Static protective packaging prevents electric field from influ- 
encing or damaging ICs. An effective static-protective pack- 
age exhibits three types of features: 


1. Antistatic protection that prevents triboelectric or frictional 
charging, 


2. Dielectric protection that insulates discharging, and 


3. Shielding or Faraday cage protection that prevents tran- 
sient field penetration. 


Harris uses only packaging that exhibits all three features. 
Employees are required to adhere to the same static-protec- 
tive packaging techiques during handling and shipment to 
assure device integrity is maintained. 


lonized air blowers aid in neutralizing charges on noncon- 
ductors such as synthetic clothing, plastics, and Styro- 
foam™., The blowers are placed at the work site and in close 
proximity to the IC handling area, since nonconductors do 
not lose or drain charges using normal grounding tech- 
niques. 


By using wrist straps, static-protected work stations and 
static-protected containers, Harris product quality is main- 
tained throughout the product cycle. 


PERSONNEL ESD PROTECTIVE 
GND STRAP TRAYS, ETC. 
(B) (C) ESD PROTECTIVE 
R TABE TOP OTHER 


(A) ELEC. 


EQUIP. 


CHAIR 


WITH GND 
(OPTIONAL) 


ESD PROTECTIVE 
FLOOR MAT 
(OPTIONAL) 


WORKBENCH 


FIGURE 2. STATIC-SAFEGUARDED WORK STATION 


QUALITY AND 
RELIABILITY 


NOTES: 
1. All electrical equipment on the conductive table top must be hard grounded and isolated from the table top. 
2. Earth ground is not computer ground or RF ground or any other limited ground. 


Styrofoam™ is a trademark of Dow Chemical Corporation 
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ELECTROSTATIC DISCHARGE CONTROL 
A GUIDE TO HANDLING INTEGRATED CIRCUITS 


This paper discusses methods and materials recommended 
for protection of ICs against ESD damage or degradation 
during manufacturing operations vulnerable to ESD expo- 
sure. Areas of concern include dice prep and handling, dice 
and package inspection, packing, shipping, receiving, test- 
ing, assembly and all operations where ICs are involved. 


All integrated circuits are sensitive to electrostatic discharge 
(ESD) to some degree. Since the introduction of integrated 
circuits with MOS structures and high quality junctions, safe 
and effective means of handling these devices have been of 
primary importance. 


If static discharge occurs at a sufficient magnitude, 2kV or 
greater, some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low humidity 
environment; thus it becomes necessary for additional mea- 
sures to be implemented to eliminate or reduce static 
charge. Avoiding any damage or degradation by ESD when 
handling devices during the manufacturing flow is therefore 
essential. 


ESD Protection and Prevention Measures 


One method employed to protect gate oxide structures is to 
incorporate input protection diodes directly on the monolithic 
chip. However, there is no completely foolproof system of 
chip input protection in existence in the industry. 


In areas where ICs are being handled, certain equipment 
should be utilized to reduce the damaging effects of ESD. 
Typically, equipment such as grounded work stations, con- 
ductive wrist straps, conductive floor mats, ionized air blow- 
ers and conductive packaging materials are included in the 
IC handling environment. Any time an individual intends to 
handle an IC, in any way, they must insure they have been 
grounded to eliminate circuit damage. 


Grounding personnel can, practically, be performed by two 
methods. First, grounded wrist straps which are usually 
made of a conductive material, such as Velostat or metal. A 
resistor value of 1 megohm (1/2 watt) in series with the strap 
to ground completes a discharge path for ESD when the 
operator wears the strap in contact with the skin. Another 
method is to insure direct physical contact with a grounded, 
conductive work surface. | 


This consists of a conductive surface like Velostat, covering 
the work area. The surface is connected to a 1 megohm (1/2 
watt) resistor in series with ground. 


Copyright © Harris Corporation 1992 


In addition to personnel grounding, areas where work is being 
performed with ICs, should be equipped with an ionized air 
blower. lonized air blowers force positive and negative ions 
simultaneously over the work area so that any nonconductors 
that are near the work surface would have their static charge 
neutralized before it would cause device damage or degrada- 
tion. 

Relative humidity in the work area should be maintained as 
high as practical. When the work environment is less than 40% 
RH, a static build-up condition can exist on nonconductors 
allowing stored charges to remain near the ICs causing possi- 
ble static electricity discharge to ICs. 


Integrated circuits that are being shipped or transported require 
special handling and packaging materials to eliminate ESD 
damage. Dice or packaged devices should be in conductive 
carriers during all phases of transport and handling. Leads of 


- packaged devices can be shorted by tubular metalic carriers, 


conductive foam or foil. 


Do’s and Don'ts for Integrated 

Circuit Handling | 

Do’s 

Do keep paper, nonconductive plastic, plastic foams and films 
or cardboard off the static controlled conductive bench top. 
Placing devices, loaded sticks or loaded bum-in boards on top 
of any of these materials effectively insulates them from ground 


and defeats the purpose of the static controlled conductive sur- 
face. 


Do keep hand creams and food away from static controlled 
conductive work surfaces. If spilled on the bench top, these 
materials will contaminate and increase the resistivity of the 
work area. 


Do be especially careful when using soldering guns around 
conductive work surfaces. Solder spills and heat from the gun 
may melt and damage the conductive mat. 


Do check the grounded wrist strap connections daily. Make cer- 
tain they are snugly fitted before starting work with the product. 


Do put on grounded wrist strap before touching any devices. 
This drains off any static build-up from the operator. 


Do know the ESD caution symbols. 


Do remove devices or loaded sticks from shielding bags only 
when grounded via wrist strap at grounded work station. This 
also applies when loading or removing devices from the antistatic 
Sticks or the loading on or removing from the bum-in boards. 


11-18 


Tech Brief 52 


Do wear grounded wrist straps in direct contact with the bare 
skin never over clothing. 


Do use the same ESD control with empty burn-in boards as 
with loaded boards if boards contain permanently mounted 
ICs as part of driver circuits. 


Do insure electrical test equipment and solder irons at an 
ESD control station are grounded and only uninsulated 
metal hand tools be used. Ordinary plastic solder suckers 
and other plastic assembly aids shall not be used. 


Do use ionizing air blowers in static controlled areas when 
the use of plastic (nonconductive) materials cannot be 
avoided. 


Don’ts 


Don’t allow anyone not grounded to touch devices, loaded 
sticks or loaded burn-in boards. To be grounded they must 
be standing on a conductive floor mat with conductive heel 
straps attached to footwear or must wear a grounded wrist 
strap. 


Don’t touch the devices by the pins or leads unless 
grounded since most ESD damage is done at these points. 


Don’t handle devices or loaded sticks during transport from 
work station to work station unless protected by shielding 
bags. These items must never be directly handled by anyone 
not grounded. 


Don’t use freon or chlorinated cleaners at a grounded work 
area. | 


Don’t wax grounded static controlled conductive floor and 
bench top mats. This would allow build-up of an insulating 
layer and thus defeating the purpose of a conductive work 
surface. 


Don’t touch devices or loaded sticks or loaded bum-in 
boards with clothing or textiles even though grounded wrist 
strap is worn. This does not apply if conductive coats are 
worn. 


Don’t allow personnel to be attached to hard ground. There 
must always be 1 megohm series resistance (1/2 watt 
between the person and the ground). 


Don’t touch edge connectors of loaded burn-in boards or 
empty burn-in boards containing permanently mounted 


WRIST STRAP GROUND 
LEAD IS ATTACHED TO 
CONDUCTIVE BENCH TOP 


ESD WARNING SYMBOLS 


GROUND, i.e. COLD WATER 


PIPE OR EQUIVALENT 


driver circuits when not grounded. This also applies to burn- 
in programming cards containing ICs. 


Don't unload stick on a metal bench top allowing rapid dis- 
charge of charged devices. 


Don’t touch leads. Handle devices by their package even 
though grounded. 


Don’t allow plastic “snow or peanut” polystyrene foam or 
other high dielectric materials to come in contact with 
devices or loaded sticks or loaded burn-in boards. 


Don't allow rubber/plastic floor mats in front of static con- 
trolled work benches. 


Don't solvent-clean devices when loaded in antistatic sticks 
since this will remove antistatic inner coating from sticks. 


Don't use antistatic sticks for more than one throughput pro- 
cess. Used sticks should not be reused unless recoated. 


Recommended Maintenance Procedures 
Dally: 


Perform visual inspection of ground wires and terminals on 
floor mats, bench tops, and grounding receptacles to ensure 
that proper electrical connections via 1 megohm resistor (1/2 
watt) exist. 


Clean bench top mats with a soft cloth or paper towel damp- 
ened with a mild solution of detergent and water. 


Weekly: 


Damp mop conductive floor mats to remove any accumu- 
lated dirt layer which causes high resistivity. 


Annually: 

Replace nuclear elements for ionized air blowers. 

Review ESD protection procedures and equipment for 
updating and adequacy. 


Static Controlled Work Station 


The figure below shows an example of a work bench prop- 
erly equipped to control electro-static discharge. Note that 
the wrist strap is connected to a 1 megohm resistor. This 
resistor can be omitted in the setup if the wrist strap has a 1 
megohm assembled on the cable attached. 


6 CONDUCTIVE WRIST 
STRAP 


CONDUCTIVE BENCH TOP 
LLL, 


CONDUCTIVE FLOOR MAT 
| ITI ITI 


R= 1MEGOHM 
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HIGH VOLTAGE INTEGRATED CIRCUIT (VIC) 
RELIABILITY QUALIFICATION 


By Erwin A. Herr 


Strategy 


The application requirements of the SP600 and the SP601 
HVIC in a general industrial environment were reviewed and 
the desired properties of the HVIC to meet these require- 
ments were identified. These properties were grouped into 
four main categories: 


1. Semiconductor die bulk and surface stability, 

2. Sealed junction integrity, . 

3. Thermal, mechanical and environmental stability, 
4. Long term reliability. 


It was desirable to demonstrate these properties of the HVIC 
with several key accelerated tests on a timely basis. There- 
fore, an analysis was made of several accelerated stresses 
that would assure the properties. Based on this analysis and 
previous experience the stresses chosen included: High 
Temperature Bias (HTB), High Temperature Storage, Damp 
Heat Bias, Temperature Cycling and Vibration Fatigue. The 
device properties and the accelerated stresses to assure 
them are shown in Figure 1. The objectives of each of the 
accelerated tests are shown in Figure 2. Also this analysis 
was used to design the Qualification Plan. A description of 
the accelerated tests used in this plan and the results of the 


tests are shown in Figure 3. 
ear TEMP 
BIAS | CYCLE 


HIGH 
TEMP 
STORAGE 


seca 
DEVICE 

PROPERTIES SAGUE 

Die Bulk and 

Surface 

Stability 


Sealed Junc- 
tion Integrity 


Thermal, 
Mechanical 
Environmental 
Stability 


Long Term 
Reliability 


FIGURE 1. TESTS REQUIRED TO ASSURE DEVICE PROPER- 
TIES 


Copyright © Harris Corporation 1991 


| (DHB) 


Production of the HVIC’s was initiated as a result of passing 
these qualifications. A Quarterly Product Monitor Plan was 
implemented to measure and control the reliability of the 
product during production. The tests in this plan are illus- 
trated in Figure 4. 


Technical Approach Taken to Determine 
the Expected Annual Field Failure Rate — 


There was also a need to determine the expected reliability 
in field applications based on these accelerated test results. 
An estimate of the expected annual field failure rate at appli- 
cation conditions was calculated for the first year. This was 
based on the favorable results of the accelerated qualifica- 
tion tests and the expected results from the quarterly monitor 
tests.. The acceleration multipliers between the HTB stress 
levels and the application stress levels were determined by 
multi-level testing. This is an example of how these acceler- 
ated results can be used to predict the product: reliability 
under application conditions. 


In order to calculate the expected annual reliability or field 
failure rate the following information is needed: 

1. Application stress conditions, — | 

2. Reliability model to be used, 


3. The acceleration multipliers between the test and the 
application conditions. 


ACCELERATED aa | 

STRESSES STRESS OBJECTIVES 
High Temperature | Die bulk and surface stability under electrical 
Bias (HTB) — bias and elevated temperature conditions. 
High Temperature | Device physical and chemical stability under 
Storage accelerated high temperature. 


Damp Heat Bias | Device physical and surface stability and 
package material compatibility under acceler- 
ated electrical bias, temperature and humidity. 


Device mechanical strength and durability un- 
der accelerated conditions of thermal expan- 
sion and contraction. 


Temperature 
Cycling 


Vibration Fatigue 


FIGURE 2. OBJECTIVES OF THE ACCELERATED STRESSES 


Ability of the mechanical parts of the device to 
withstand accelerated forces and low frequen- 
cy vibration. 
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STRESS SAMPLES FROM 
HIGH TEMPERATURE BIAS PRODUCTION 
V = 400V, 15V. Ty = +125°C LOTS 


or a 


SUB TOTAL 760 (Note 1) 
V = 450V,15V. T, = +125°C (1990) 90 (Note 2) 


HIGH TEMPERATURE STORAGE 100 (Note 2) 


Ta = +150°C 
DAMP HEAT BIAS(DHB) 100 (Note 2) 
V = 300V,15V. +85°C, 81% RH 


TEMPERATURE CYCLING 
~40°C/+25°C/+150°C 
27/3/27 minutes 


VIBRATION FATIGUE X1,Y1,Z1 
planes 10 g’s, 32 hours per plane 


NOTES: 
1. Random samples from eight production lots. 


CUMULATIVE FAILURES/SAMPLE SIZE HOURS UNDER STRESS 


1/400 (Note 3) 


1/100 (Note 5) 


CYCLES OF STRESS ae 


PLANES OF STRESS 
10 (Note 2) 


E 


0/120 0/120 


2/400 (Note 3) | 2/400 (Note 3) 
1/400 (Note 4) 


1/240 (Note 4) 


0/100 0/100 
1/100 (Note 5) | 1/100 (Note 5) 


1/240 (Note 4) 


0/90 


2. Random samples from three production lots except for Vibration Fatigue which had samples from one lot. 


ie) 


4. Failed on test: corrective action is defined and implemented. 
. Parametric failure. 


Or 


. High voltage leakage failure: corrective action is defined and implemented. 


FIGURE 3. QUALIFICATION TEST RESULTS 


SAMPLES 
FROM 3 
RANDOM 
PRODUCTION 


HOURS/ 
CYCLES 
UNDER 
STRESS 


NO. OF 
FAILURES 
ALLOWED 

PER LOT 


STRESS 


‘CONDITIONS LOTS 


HIGH TEMPERATURE BIAS (HTB) 


50/Lot 
Total 150 


HIGH TEMPERATURE STORAGE 


20/Lot 1000 
Total 60 


DAMP HEAT BIAS (DHB) 


20/Lot 
Total 60 


TEMPERATURE CYCLE 


V = 400V, 15V 
Tj = +125°C 


Ty = +150°C 


V = 300V, 15V: 
+85°C 81%RH 


~40°C/+25°C/ 
+150°C 
27/3/27 Minutes 


20/Lot 
Total 60 


FIGURE 4. QUARTERLY PRODUCT MONITORING TESTS 


The application conditions are: V = 350V, 15V. Ty = 100°C 
Operating time is 8760 hours per year. 


The model used for predicting the product reliability is based 
on a negative exponential failure distribution with a constant 
failure rate. This can be expressed with the following equa- 
tion: 


Ps= exp [-t / MTBF] (1) 
where: Pg is the reliability or probability of survival. 

t is the operating time in hours. 

MTBF is the Mean Time Between Failure in hours. 

The Probability of Failure (Pf) is: Pe=1-Ps (2) 


Extensive reliability studies and accelerated tests have been 
conducted on discrete semiconductors and integrated cir- 
cuits for a number of years.' Based on this experience it was 
decided to use the High Temperature Bias test as the pri- 
mary accelerating stress for predicting the reliability of the 
HVIC under application conditions. It was found that matrix 
testing of devices under several levels of high temperature 
reverse bias led to the development of an accelerated 
reverse voltage model and an accelerated temperature 
model i.e. the Arrhenius model.? This information enables a 
quantitative extrapolation of the results from high level accel- 
erated tests to the expected results at the lower stress levels 
found in applications. 
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Voltage Multiplier: a, 


The reverse voltage model of response is shown on page 
211 of the second reference.? This was used to determine 
the Voltage Multiplier (My) for derating from high to low volt- 
age stress levels. This relationship is shown in the following 
equation: | 
My = 
where 


[V1/v2]' .6534 
V1 and V2 are given in volts 


(3) 


Temperature Multiplier: 


The predominant failure mechanisms found in semiconduc- 
tors during operation are related to temperature and often fit 
the Arrhenius Model of response. This model can be 
expressed by the equation: | 


A= exp[A+B/T] (4) 
A= A’ exp [-E/(kT)]} 

x failure rate . 

T absolute temperature (°Kelvin) 

A,B empirically derived constants from life test data. 

A’ exp (A) 

k Boltsman’s constant, 8.62 x 10°eV/K 

E activation energy, empirically derived from: 


E = -kB. The slope B is negative. 


The temperature acceleration multiplier (M7) between a high 
temperature test and a lower temperature test can be 
obtained from the ratio of the failure rates at the two temper- 
atures. This results in: 

My = 


exp [B/Tp] / exp [B/T,] | 8) 
where: se 


T, is the low temperature in °K. 
Tp. is the high temperature in °K. 


Total Multiplier: = | a 
The total multiplier (M) is equal to the product of My and Mz: 
M= My Mr (6) 
A test was performed to determine the capability of the HVIC 
over a temperature range of +21.7°C to +150°C. The high 
voltage leakage current (I «q) vs temperature was measured 
on a sample of HVIC’S. The average value at each tempera- 
ture was plotted on an Arrhenius graph resulting in a reason- 
able fit to the model. A computer program was used to 
transform the data and plot the natural Log ILkg vs 1000/ 
Taps and this is shown in Figure 5. A linear regression analy- 
sis of the data gave this general equation: 

y= 22.81178 - 6.900413z (7) 
This has a correlation coefficient of 0.998 which is very 
good. From this data “E” was calculated to be 0.595eV. This 
was used to determine the temperature multiplier (M7) of the 
HVIC. : | 


Ln OF THE HIGH VOLTAGE 
LEAKAGE CURRENT (Irxq) 


Z = 1000/ABSOLUTE TEMPERATURE 


FIGURE 5. PLOT OF Ln OF LEAKAGE CURRENT (hxc) VS 
1000/Tass 


Estimated Annual Field Failure Rate 


The calculation of the expected annual field failure rate at 
application conditions is outlined below. This is based on the 
results of the HTB tests included in the qualification tests 
performed in 1990 and in 1991 as well as the favorable 
results expected on the quarterly monitor tests. A calculation 
of the acceleration multipliers is shown below: 


Voltage Multiplier: 


The voltage multipliers between the two HTB test voltages 
and the application voltage, from equation (3), are: 


[400/350]'-8554 = 1.2471 
[450/350]'-65%4 = 1.5152 


Temperature Multiplier: 


Myvi = 
My2 = 


From the Arrhenius equation (4) the activation energy E = 
-kB. Also from the test on high voltage leakage current vs 
temperature it was found that E was 0.595eV. Solving the 
above equation, E = -kB, for B results in: 


-6902.55. 


The temperature multiplier between the HTB test at +125°C | 
and the application condition of +100°C, from (5), is: 


Mr= exp [-6902.55/398] / exp [-6902.55/373] 
Mr= = 3.198 | | 
Total Multiplier: 


The total multipliers between the two HTB test conditions 
and the application conditions, from (6), are: 


Mi= [1.247] [3.198] = 3.98791 
M2= [1.515] [3.19] = 4.8450 
Unit Test Hours | 


- HTB UNIT APPLICATION 


HOURS — UNIT HOURS 


400V, +1 25°C i 350V, +100°C 


Qualification 1006760 | 3.98791|  4014868.3 
(1991) : | 
Quarterly Monitor 600000 | 3.98791|  2392746.0 
Qualification HTB 450V, | 4.8450 | 872100.0 
(1990) +125°C 180000 | | 


Failure Calculation: 


For zero failures and at a 50% confidence level the expected 
average failure rate would be: 


A= 0.7[10°]/ Unit Hours , 
A= 0.7[10°] / 7279714.3 = 0.009616%/1000 hours 
MTBF = 1[105]/0.009616 = 10,399,591.9 hours 


The probability of failure in the first year from equation (2) 
would be: 


1 - exp - [8760/10,399,591.9] 
Pe= 0.00084 or 0.084% per year 
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The improvement in the HVIC reliability when the operating 
chip temperature is lowered in the application is shown in 
Figure 6. For example, this shows that the annual reliability 
is improved about 4 to 1 when the operating chip (die) tem- 
perature is lowered to +75°C instead of +100°C. Similarly 
there is an improvement of over 12 to 1 when the operating 
chip temperature is lowered to +55°C. 


AVERAGE FAILURE RATE IN %/YEAR 
o (AT A50% CONFIDENCE LEVEL) 
nD 


° 


SCALE: 1000/Tass 
a I EL 
ppt | tf 


2.6 2.9 3.0 3.1 
ae feUPERATRE (°C) 


FIGURE 6. RELIABILITY IMPROVEMENT WITH A DECREASE 
IN OPERATING CHIP TEMPERATURE 


Conclusions 


1. The average failure rate during the first year is expected 
to be 0.00962%/1000 hours or 96.2 FITs when the appli- 
cation operating chip temperature is at +100°C and 25.4 
FITs at +75°C and 7.6 FITs at +55°C. Note: 1 FIT = 1 Fail- 
ure/10° hours. 


2. Similarly, with continued favorable quarterly monitoring 
test results, the expected average failure rate would de- 
crease from 96.2 to 72.4 FITs after the second year and 
to 58 FITs after the third year at a chip temperature of 
+100°C. 


3. There is a good chance that the reliability could be better 
than the predictions since short term evaluation tests 
showed that samples of HVIC’s are capable of withstand- 
ing leakage current measurements at V = 500V and 
+150°C. This is 150 volts and +50°C above the applica- 
tion operating conditions of 350V and +100°C. 
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CONCURRENT DESIGN, TEST AND RELIABILITY 
ENGINEERING OF POWER ASICs. 


By Erwin A. Herr | 


Introduction 


A program was initiated in July 1987 to develop a new Intelli- 
gent Power ASIC™ chip technology using state-of-the-art 
type components and processing. This process utilized 
mixed signal technology that was optimized for motor/ 
motion control, power supply and interface applications. The 
first application chosen was a DC/DC converter chip which 
was mounted in a module with an output of 5 VDC and a cur- 
rent of 10 amperes continuous and 20 amperes peak. The 
environment for this application was to be in office equip- 
ment, for commercial and industrial usage. 


The reliability objective of this product was very aggressive 
in terms of both operating conditions and failure rate. Accel- 
erated testing techniques were used to demonstrate that the 
failure rate objective was achieved. 


Technical Strategy for Design, Test and 
Reliability Engineering 


The Intelligent Power ASIC™ technology had to produce 
chips which could be designed and developed in a minimum 


of time, be cost effective, easily manufactured as well as 
being very reliable. Normally this would be accomplished 
with mature designs and products that had been manufac- 
tured over a period of time with known capabilities and 
established reliability. However, since this was to be a state- 
of-the-art technology a new approach had to be taken in 
order to meet the required time table. These requirements 
led to the concept of concurrent product, test and reliability 
development. 


An overview of the major activities of this program is illus- 
trated in Figure 1. It is to be noted that this starts with prod- 
uct concept phase and sequences through a number of the 
major steps up to the production phase. It can also be seen 
that there were early and concurrent activities in Design, 
Test and Reliability Engineering. This required the ultimate in 
communication, cooperation, team work and leadership in 
many technical areas. This resulted in parallel actions in sev- 
eral areas which traditionally were performed in series. The 
concurrent action approach not only saved time and cost but 
it inspired commitment for success from the contributors. 


PRODUCT CONCEPT AND APPLICATIONS 
PRODUCT FUNCTIONAL SPECIFICATIONS 
PROGRAM PLAN AND DEVELOPMENT SCHEDULE 


TEST DEVELOPMENT 
ENGINEERING 


ADVANCED DESIGN AND DEVELOPMENT 


ADVANCED RELIABILITY 
ENGINEERING 


ENGINEERING 

¢ Test methods & software e Product and process development plan ¢ Accelerated reliability program plan 
design 

¢ Test hardware design ¢ Mask design of WATs, TEGs and Macros ¢ Design and construct reliability test 

equipment 

¢ Characterization of WATs, ¢ Process samples of TEGs and Macros ¢ Accelerated reliability testing of TEGs 
TEGs & Macros and Macros 

e Analysis of results e Analysis of results e Analysis of results 


- Corrective actions 


- Design out defects if design related 
- Process improvements where applicable 


- Failure Analysis 
- Recommend corrective action 


¢ Characterization & evaluation e Process samples of TEGs, Macros and prototype ¢ Accelerated reliability testing and 
ASICs with applicable improvements evaluation of improved TEGs, Macros 
and prototype ASICs 
¢ Characterization & evaluation ¢ Design of Relmon and production ASICs ¢ Accelerated reliability testing and 
evaluation 3 
¢ Characterization for production © Technical Review and approval production ¢ Accelerated testing of Relmon and 
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production ASICs 
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HIGH 
TEMPERATURE 
BIAS 


DEVICE PROPERTIES 


OPERATING 
LIFE AND POWER 
CYCLING 


Die Bulk and Surface X Xx 

Stability 

Thermal, Mechanical Xx xX X D4 »4 
Environmental Stability 


TEMPERATUR 
E CYCLE 


ELECTRO- 
MIGRATION 


DAMP HEAT 
BIAS 
X 


FIGURE 2. TESTS REQUIRED TO ASSURE DEVICE PROPERTIES 


This concept of Concurrent Engineering meant that, as the 
building blocks of the Power ASIC™ technology were being 
developed, they were independently characterized and 
assessed for reliability under accelerated test conditions. 
These building blocks included new component structures 
as well as new Macro circuits for the primary functions of the 
chip. In order to evaluate these building blocks under accel- 
erated test conditions an analysis was made of the desired 
properties and the accelerated stresses that would assure 
them. The test matrix in Figure 2 shows the stresses chosen 
on this program. The objectives of each of the accelerated 
stresses are shown in Figure 3. Based on this analysis and 
previous experience the stresses chosen included High 
Temperature Bias (HTB), Operating Life, Power Cycling, 
Damp Heat Bias (DHB), Temperature Cycling and Electromi- 
gration testing. The overall objective of this early testing was 
to provide rapid reliability information feed- back to the 
designers so that they could select the most reliable struc- 
tures for the new Macro designs. 


The approach taken was to use Test Element Groups 
(TEGs)', that were packaged in a manner similar to that 
which was planned to be used in production. These TEGs 
included structures of elements such as NPN & PNP bipolar 
transistors, NMOS and PMOS transistors, LDMOS power 
FET, zener diodes and electromigration test sites. 


As the program progressed these elements were fabricated 
on the same semiconductor wafers as the Macro and the 
ASIC circuits. After packaging, the TEG devices were sub- 
jected to the same type of stresses that they would normally 
see in the ASIC circuit. However, the stress levels were usu- 
ally higher in order to obtain accelerated test results. For 
example, samples of the components were subjected to 
multi-level accelerated stresses of high temperature bias for 
1000 to 2000 hours. High Humidity Bias or Damp Heat Bias 
stresses for 1000 to 2000 hours were also used. Tempera- 
ture cycling was performed to 3000 cycles. Measurements 
were made of the critical characteristics of the isolated struc- 
tures initially and at several times after hours of stress. Anal- 
yses were made of the distribution of the characteristics and 
the changes in critical characteristics with stress. The objec- 
tive was to stress the TEGs to destruction so as to have suf- 
ficient failures for failure analysis. This allowed isolation and 
identification of the failure modes and mechanisms which 
suggested corrective actions. These led to improvements in 
design and processing. 


The Macros were similarly packaged as the TEGs and sub- 
mitted to accelerated high temperature bias at +125°C and 
+150°C for 1000 to 2000 hours. Analysis of the failures from 
these tests brought out any failure mechanisms that could 
occur between the combination of structures in the functional 
circuit. This allowed an in-depth evaluation of the building 
block circuits for the final ASIC chip. 


The production Intelligent Power ASIC™ chip was con- 
structed from the building block Macros and power switching 
functions. Samples of this type of chip were mounted in sev- 
eral types of packages to evaluate the capability of the chip 
to withstand electrical, temperature and environmental 
stresses. One group of Power ASIC™ samples was sub- 
jected to accelerated conditions of a dynamic operating life 
of Vin = 20VDC, Vout = 5V at 10 amperes DC. The junction 
temperature at the chip was +125°C and the duration of the 
test was 2000 hours. Another group was subjected to a 
power cycling test for 2000 hours at maximum operating life 
conditions with a 10 minute “on” and a 10 minute “off” cycle. 
In a third group the chip was similarly packaged and these 
devices were subjected to 1000 to 2000 hours of Damp Heat 


Bias at 
ACCELERATED 
STRESSES STRESS OBJECTIVES 
Die bulk and surface stability under 


High Temperature Bias 
(HTB) electrical bias and elevated tempera- 
ture conditions 


‘Operating life and Pow- 
er cycling 


Die bulk and surface stability under 
electrical operation and elevated tem- 
perature conditions 


Damp Heat Bias (DHB) | Device physical and surface stability 
and package material compatibility 
under accelerated electrical bias, 


temperature and humidity. 


Temperature Cycling Device mechanical strength and du- 
rability under accelerated conditions 


of thermal expansion and contraction. 


Electromigration Capability of metallization runs to 
withstand current in power integrated 


circuits 


FIGURE 3. OBJECTIVES OF THE ACCELERATED STRESSES 
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+85°C 81% RH and 45 volts. A fourth group was subjected 
to a temperature cycle test of 3000 cycles. In a fifth case 
samples were subjected to a high temperature bias test of 
60 volts on the power section and 42 volts on the control 
section at a junction temperature of +150°C for 500 hours 
duration. This series of multi-level stresses was used to eval- 
uate the combined functions of the Macros and the power 
switching sections of the final Power ASIC™. Reliability pre- 
dictions are made based on the HTB, operating life, power 
cycling and DHB test results. 


The process technologies used on this program included low 
and high speed bipolar and complementary MOS signal pro- 
cessing designs as well as combinations of bipolar and MOS 
power structures. The semiconductor chips were processed 
with a two level metallization system that is compatible with 
plastic packaging. 


Accelerated Test Results on Components, 
Macros and Power ASICs 


Accelerated testing was used on this Concurrent Engineer- 
ing Program in order to obtain an early reliability evaluation 
of the building blocks to be used to construct the Power 
ASIC™ chip. It was imperative to obtain this information in a 
minimum time in order to have an efficient design cycle. 
Care was taken to choose stress levels that would acceler- 
ate the changes in characteristics caused by failure mecha- 
nisms that exist at lower stress levels. Analysis was made of 
the initial distribution of critical characteristics as well as 
changes in the distribution with time under stress. Compari- 
sons were made of the accelerated test results of the com- 
ponents and Macros to gain the maximum information. This 
helped identify the failure mechanisms for a thorough analy- 
sis of any failures obtained. It also allowed the selection and 
use of semiconductor structures and processes in the final 
ASIC design that were free from these sensitive mecha- 
nisms. This enabled the accelerated reliability information 
and corrective actions to be in phase with the normal test 
characterization of the building blocks which resulted in an 
optimized design and process development cycle. 


A general summary of the accelerated constant stress-in- 
time program conducted during the concurrent product, pro- 
cess and reliability development cycle is given in Figure 4. 
This includes the number of units tested, the unit hours of 
stress and the number of failures obtained each year for the 
components, Macros and ASICs. The constant stress-in- 
time tests included high temperature bias, operating life, 
power cycling and a damp heat bias test. Some interesting 
observations and conclusions can be drawn from this infor- 
mation. It points out the inherent advantages of this Concur- 
rent Engineering Program in the development of a state-of- 
the-art Power ASIC™ semiconductor chip. 


¢ About 24% of all the test vehicles were stressed during 
1988. In the traditional serial development cycle only mini- 
mal reliability tests would occur in the first year. This saved 
at least a year of program time. 


Forty three percent of all the vehicles tested were the less 
complex structures; namely, TEGs or Macros. This 
allowed a more thorough and effective analysis of failures 
which made it easier to isolate failure mechanisms and 
implement corrective actions. 


Corrective actions were implemented in the first year 
when the cost of making design changes and process 
improvements was at a minimum. 


Test systems for the measurement of device parameters 
and accelerated stress equipment were developed and 
procured early in the cycle. 


_The general testing trend showed that the majority of the 
Components and Macros were tested during the first year. 
Long term accelerated testing (2000 hours) of the Power 
ASIC™ chips was completed during the second year. 


A total of 11385 vehicles were tested under acclerated 
conditions during the program. A distribution of the vehi- 
cles showed that there were 25% components, 18% Mac- 
ros and 57% Power ASICs™., 


The trend in failure occurrence was highest in the early 
years of development, but decreased dramatically in sub- 
sequent years. This gave a favorable reliability growth pat- 
tern. 


This accelerated program enabled production ASICs to be 
shipped during the second year. 


The accelerated tests used to evaluate components or TEGs 
included high temperature bias at +125°C and +150°C, 
damp heat bias and temperature cycling. The duration of the 
high temperature and damp heat bias tests was 1000 to 
2000 hours. The general plan for the evaluation of the semi- 
conductor structures used was to stress the structures in the 
components at the highest bias level (20V), in the Macros at 
an intermediate level (16V) and in the ASIC circuits at the 
use level (12.5V). 


As previously mentioned the extensive unit hours of testing 
during the initial evaluation phase are summarized in Figure 
4. During the latter part of this evaluation qualification tests 
were run. The criteria for qualification of components was to 
pass the appropriate bias tests at the accelerated tempera- 
ture of +125°C for at least 1000 hours with zero failures out 
of a sample of twenty. The results of these tests on bipolar 
transistors, MOS transistors, the LDMOS power FET as well 
as the zener diodes are summarized in Figure 5. Bias tests 
at +150°C were also performed to assess the temperature 
margin for reliability on these components. 


Component sample groups of transistors, zeners and the 
power FETs were subjected to the accelerated test of Damp 
Heat Bias at +85°C, 81% RH and the appropriate bias for 
1000 to 2000 hours. Samples of these devices were also 
subjected to temperature cycling for 1000 cycles at -40°C to 
+150°C. Other general evaluation tests were conducted on 
special structures to measure their capability to withstand 
electromigration, ESD and latch up stresses. 
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FIGURE 4. CONCURRENT PRODUCT, PROCESS AND RELIABILITY DEVELOPMENT 
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Zener-A 
Zener-B 
Zener-C 


Zener-D 


5A LDMOS 


MACRO TYPES 


Bandgap Voltage 
Reference 


MOS OPAMP A 
MOS OPAMP B 


Reference Current 
Generator 


Comparator A 
Comparator B 


Transconductance 
Amplifier 


Comparator C 
Gate Driver 
Oscillator 


Voltage Regulator 


16 Pin DIP 
16 Pin DIP 
16 Pin DIP 
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16 Pin DIP 
16 Pin DIP 
16 Pin DIP 
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16 Pin DIP 
16 Pin DIP 
16 Pin DIP 
16 Pin DIP 
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16 Pin DIP 
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= 2 | 1000 HOURS FAILURES/SAMPLE 
HIGH TEMPERATURE BIAS 


(HTB) HTB AT +125°C HTB AT +150°C 


HTB, 20V 
HTB, 20V 
HTB, 20V 
HTGB, 25V 
HTB, 20V 
HTGB, 20V 
HTGB, 25V 
0.5mA 

1.0V 

HTB, 100mA 
HTB, 6.5V 
HTB, 100mA 
HTB, 60V 
HTGB, 20V 


FIGURE 5. COMPONENT TEG QUALIFICATION 


1000 HOURS FAILURES/SAMPLE 
HIGH TEMPERATURE BIAS 


(HTB) _ HTB AT +125°C HTB AT +150°C 


16V, +125°C/+150°C 


16V, +125°C/+150°C 
16V, +125°C/+150°C 
16V, +125°C/+150°C 


16V, +125°C/+150°C 


16V, +125°C/+150°C 
16V, +125°C/+150°C 


16V, +125°C/+150°C 
16V, +125°C/+150°C 
16V, +125°C/+150°C 
A45V/5NV, +125°C/+150°C 
TOTAL 


FIGURE 6. MACRO QUALIFICATION 
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The eleven Macro types listed in Figure 6 were also sub- 
jected to the same type of general bias tests at elevated 
temperature and damp heat that were used on the compo- 
nents. These are summarized in Figure 4. They were also 
subjected to temperature cycling for 1000 cycles at -40°C to 
+150°C. Again the criteria for qualification was to pass the 
appropriate bias tests at the accelerated temperature of 
+125°C for at least 1000 hours with zero failures out of a 
sample of twenty. The elevated temperature margin for reli- 
ability was assessed at +150°C. The results of these tests 
are summarized in Figure 6. 


The failures generated during the early phase of the acceler- 
ated tests on components and Macros were particularly 
important for identifying failure mechanisms for product 
design and process improvements. The corrective actions 
included improvements in design resulting from the selection 
of the most reliable structures based on test results. This 
timely information was used to establish practical and robust 
design rules. These rules, based on early component 
results, were used to design the Macros. Progressively the 
design rules were further improved from the results of accel- 
erated testing of the Macros. These improvements were 
implemented into the final ASIC design. 


If the failure analysis indicated that the failure mechanisms 
were process related then process improvements were 
implemented. These were monitored by testing the Wafer 
Acceptance Test (WAT) structures on subsequent wafers to 
demonstrate the improvement. From this information contro! 
limits were established on key parameters to maintain statis- 
tical process control. 


YEAR STRESS SAMPLES |STRESS| FAILURES 


HTOP & HTB at 1 (100 Hrs) 
+125°C, 

Power cycling up 

to +125°C 


Damp Heat Bias 
+85°C, 81% RH 


TOTAL 3 


HTB at +125°C 1 (484 Hrs) 
HTB at +125°C 0 
HTB at +150°C 1 (170 Hrs) 
HTB at +150°C 1 (118 Hrs) 
HTB at +150°C 

TOTAL |. 


1 (24 Hrs) 


HTB at +125°C 
HTB at +125°C 
HTB at +150°C 
HTB at +150°C 


1 (112 Hrs) 
1 (182 Hrs) 


Grand Total 
FIGURE 7. POWER ASIC™ QUALIFICATION 


The evaluation of the Power ASIC™ chips included tests on 
high temperature bias and operating life at a chip tempera- 
ture of +125°C, damp heat bias at +85°C, 81% RH and tem- 
perature cycling of 3000 cycles to the package limits of -5°C 
to +105°C. The results from high temperature bias, high 
temperature operating life (HTOP), power cycling and damp 
heat bias were considered the primary stresses the chip 
would have to endure in the application. This testing is illus- 
trated in Figure 7. Failure analysis was used to confirm any 
failures that occurred. Corrective actions were determined, 
implemented and demonstrated for most of the failures. The 
remaining failures, for which corrective action had not been 
determined, were used in the failure rate calculation. This 
information, as shown in Figure 7, was used to assess the 
reliability of the Power ASIC™ under the application condi- 
tions. 


Power ASIC Reliability Assurance 


A reliability database ages very rapidly unless it is kept cur- 
rent. Even if no known changes are made, the database 
needs a continuous flow of current data. To meet this need, 
a device called the Relmon (Reliability monitor) was 
designed. This device is a functional part number which is 
made part of every mask set. The Relmon is used to periodi- 
cally sample the process and thus update the database with 
data resulting from improvements such as design rules for 
more efficient layout, circuit design innovations, and process 
modifications. The library based Power ASIC design 
approach enables these types of changes to be made and 
the database to be maintained. The volume of new part 
numbers, most containing both “old” Macros and compo- 
nents as well as some “new’ Macros and components, 
allows the qualification work on the new part number to 
“bridge” the new elements to the existing database. The 
need to merge data relating to changes such as design rules 
and process improvements is met by utilizing the Relmon as 
the vehicle to bridge the data. 


Every Power ASIC part which is shipped ts tied to the reli- 
ability database with four connections: The qualification test- 
ing was performed on the part number. This testing is 
designed to address any aspects of the part number which 
are outside the bounds of the existing reliability database, for 
example: 


¢ New components or Macros. 
¢ Components or Macros applied in a new way. 
¢ New packaging or environmental conditions. 


e¢ Process improvements. The part number testing is per- 
formed on every part. This testing is designed to address 
three elements of reliability: 


e 


Functional test coverage to assure that all customer spec- 
ifications are guaranteed. 


Reliability test coverage to assure that all accessible por- 
tions of the chip are tested and appropriate voltage mar- 
gins are applied. 


¢ Parameter limits All parameter limits are examined to 
assure that limits reflect no more than expected variations. 
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The WAT (Wafer Acceptance Test) testing is performed on 
every wafer. This is a set of tests which must be passed for a 
wafer to be accepted for part number probing. This testing is 
designed to address three elements related to reliability: 


Process control monitors These structures assure that the 
process is within acceptable bounds. © 


Representative devices These structures assure at the 
device level that the wafer has been appropriately pro- 
cessed. 


Representative topology test elements These. structures 
assure that aspects such as step coverage are under con- 
trol. The Reimon (present on every wafer) is used in two 
ways to assure reliability: | 


Reliability monitoring Every week a sample of Relmons is 
subjected to 100 hours of stress testing to continuously mon- 
itor the process. Every quarter a sample is subjected to 1000 
hours of stress. 


Yield analysis In an ASIC product line there can be a great 
variety of part numbers in various stages of product life 
cycle. The Relmon is a constant reference that can be used 
to understand yield variations. 


The reliability of the Power ASIC™ chip, operating at +90°C, 
was determined from the test data given in Figure 7. Since a 
large part of the testing was performed at accelerated chip 
temperatures of +125°C and +150°C it was necessary to 
transform this information to equivalent times at +90°C. This 
was accomplished by using the Arrhenius model of 
response’. The activation energy used in this model was 
0.5425 electron-volts which is based in the Macro test data 
in Figure 6. From this information a Weibull model was used 
to calculate the expected failure rate at 60,000 operating 
hours at a chip temperature of +90°C. This failure rate was 
found to be 0.018% per thousand hours at a 50% confidence 
level. Also from the Weibull model it was found that beta was 
about 0.5 which means that these devices had a decreasing 
failure rate with time. | 


AVERAGE FAILURE RAT 
(%/K HOURS AT 50% CONFIDENCE LEVEL) 


0.001 
CHIP TEMPERATURE (°C) 
FIGURE 8. RELIABILITY OF POWER ASIC™ CHIP AT 60,000 
- OPERATING HOURS 


The improvement in reliability of the power ASIC chip, when 
the operating chip temperature is lowered in the application, 
is shown in Figure 8. For example, this shows that the reli- 
ability is improved 2 to 1 when using a chip temperature of 
+75°C and 6 to 1 when using +55°C instead of +90°C. | 


Conclusion 


This was a program to develop state-of-the-art Intelligent 
Power ASIC™ products. The concept of Concurrent Engi- 
neering proved to be very beneficial in the execution of this 
program. The following general observations and conclu- 
sions can be made: 


1. A complex power integrated circuit was fabricated in 
record time on a semiconductor chip, which included over 
23 types of Macros and assemblies plus a power switch- 
ing section. 


2. Concurrent activities and communication in Test Develop- 
ment Engineering, Advanced Design and Development 
Engineering and Advanced Reliability Engineering 
assured a timely and successful product development 
cycle. | 


3. Excellent teamwork that required the ultimate in commu- 
nication, cooperation, commitment and_ leadership 
enabled shipment of production chips in the second year. 


4. Over 11,000 test vehicles, which included TEGs or Com- 
ponents, Macros and ASIC circuits, were stressed under 
accelerated conditions as the product was developed. 


5. Reliability was designed into the product early and evalu- 
ated concurrently which enabled us to exceed the 
expected reliability goal by a factor of about three to one. 


6. The Relmon was developed to monitor reliability and 
update the data base. 
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PACKAGING AND 
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Harris Intelligent Power Packaging 


and Ordering Information 


HIP HARRIS PRODUCT CODE EXAMPLE 


PART NUMBER 


5 0 


PREFIX 
H: Harris 


FAMILY 


IP: Intelligent 
Power 


V: High Voltage 


VOLTAGE 
Multiply by 10 for Capability 
(i.e. 50 = 500V) 


if Negative (-) is Used for 
First Digit Do Not Multiply by 10 
(i.e. -5 = 5V) 


TOPOLOGY 

: Low Side Switch 

: High Side Switch 

: Half Bridge 

: AC/DC Converters 
: Full Bridge 

: Regulator/Power 

Supply 

: Protection Circuits 
: Special Function 


anh ®DNM =~ OO 


SEQUENTIAL 
NUMBER 


Based on Order 


of Development 0 - 
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PACKAGE 
P: Plastic DIP 
B: SOIC 
S: Power SIP 
M: PLCC 
J: Ceramic DIP 
W: Wafer 
D: Die 
TEMPERATURE 
A: Automotive 
(-40°C to +150°C) 
Commercial 
(0°C to +70°C) 
I: Industrial 
(-40°C to +85°C) 
: Military 
(-55°C to +125°C) 
: EDP 
(0°C to +85°C) 


C: 


9 


Package Outlines 


Single-in-Line Plastic Packages (SIP) 3 LEAD SINGLE-IN-LINE FLANGE MOUNTED PLASTIC PACKAGE 


(JEDEC TO-220AB) 


| | INCHES ——|_CMILLIMETERS 
Ks A—te SYMBOL | MAX | MIN | MAX [NOTES 
: Ay | Af 0140 | 0190 | 356 | 482 7 1 | 
= | F 0.080 | 0.085 | 203 | 216 | 1 | 
FT | bf 0.020 | 0045 | ost | 14 fo | 
4 a ee ee 
—- a ee Se ee es ee 
a ee 
" a ee Ee 
e " a ee ee ee ee 
| E | 0380 | 0420 | 966 | 1066 7 1 | 
. |e | 0090 | 0110 | 229 | 279 | 1 | 
|e | 0.190 | 0210 | 483 7 533° [1 | 
c a ee ee ee ee 
a ee ee 
| Hf 0230 | 0.270 | 585 | 685 | 1 | 
ee Oe ee 
a ee ee ee ee 
© {4s f 0.080 | 0115 | 204 7 292 7 1 | 
TOR -NIEW " [t [0500 | ose2 [1270 [ise7 [1 
es ee oe ee ee ee 
| ef 0400 | 0410 [1016 | 1041 7 1 | 
ia 0.139 0.161 | 3.531 | 4.089 ae 
| Qf 0.100 {| 0120 | 254 | 304 fot 
NOTE: 


1. Position of lead to be measured 0.250 inch - 0.255 inch 
(6.350mm - 6.477mm) from case. 


SCREW, 6-32 


NR231A 
RECTANGULAR METAL 
WASHER 


DF 1038 

MICA INSULATOR 

HOLE DIA. = 0.145-0.141 in. 
(3.68-3.58 mm) 


HEAT SINK 
(CHASSIS) 
DF378F 
INSULATING SHOULDER WASHER 
| I.D. = 0.156 in. (4.00 mm) 
© sHoucbeRr pia. = 


METAL WASHER 0.250 in. 6.35 (mm) MAX. 


LOCK WASHER ©& 


HEX NUT > 


SOLDERLUG “© 
‘G): 
HEX NUT 


NOTE: Maximum torque applied to mounting flange is 8 inch/pound (0.09 kgf/m) 
SUGGESTED MOUNTING HARDWARE FOR JEDEC -TO-220AB 
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Package Outlines 


Single-in-Line Plastic Packages (SIP) 
(Continued) Oo 


b 
1 0.36 WTIY © 


Ag 


oe 
5 Pp ; 
NT y 
‘ ab 


ALTERNATIVE TERMINAL 
CONFIGURATION 


7 LEAD SINGLE-IN-LINE SURFACE MOUNT PACKAGE 


.050 TYP 


a 


.037 


015 SOLDER 


025 PLATED 


Developed Lead Length: .2471 


| INCHES |], MILLIMETERS 
ee ee 
| 165 | 0.190 [419 f 402 | 1.23 | 
| 0.035 | 0.055 J 089 | 1.39 | 1.2.3 | 
| Ae | 0.085 | 0115 | 216 | 292 | 1.2.3 | 
| bf 0.020 | 0.040 | ost | 1.01 71.23 | 
[eb ft oo20 | 004 | ost | 14 7 1.23 | 
ae ee es Be ee 
ee ee ee 
eae ee ee ee 
| | oso | 0570 {830 | 939 | 1.2.3 | 
ee ee ee 
Se ee 
| kf 0.845 | 1.045 | 2400 | 2654 | 12,8 | 
ee Ee es Be 
| o.t9a | 0166 7 359 | 996 | 12,3 | 


5 LEAD SINGLE-IN-LINE FLANGE MOUNTED PLASTIC PACKAGE 
(JEDEC TS-001) 


1. Refer to applicable symbol list. 
2. Dimensioning and tolerancing per ANSI Y14.5M, 1982. 
3. Controlling dimension: inch. 


7 LEAD SINGLE-IN-LINE SURFACE MOUNT PACKAGE 


.050 TYP 


.015 SOLDER 
025 PLATED 


.020 R TYP 


| .100 
i [Z] HEADER 
BOTTOM 


045 : 0° - 5° 
055 -105 065 
7 TIPS TYP 
205 
Developed Lead Length: : 
Short: .2471 


Long: .3479 
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Package Outlines 


Dual-In-Line Plastic Packages (DIP) 


BASE PLANE 


SEATING PLANE ° 


ee 


INDEX AREA 
\ 


(JEDEC MS-001-AC) 
14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


INCHES MILLIMETERS 


NOTES 


sympoL [MIN [ WAX [MIN | MAX 
aA | - | 020 [- [sm [3 
Os LL 
SO 
[8 [004 | coe ose [ose [| 
a, _ [008 [oor [as [a7 [3 
[ec |eo08 | aos [0204 [ose = 
SO ZI 
(8, eas [on fe 
[ef 0300 | ones [rae [eas fs 
pe, 02a [020 [ero [71 | 67 
[—e[_01o0asc | aaesc_ [8 
[ex | _0s008sc | ~“rezesc [3 
a A 
[tons [o.1e0 [25 [408 [8 _| 
es 
NOTES: 


1. Refer to JEDEC Publication No. 95 JEDEC Registered and Standard 
Outlines for Solid State Products for rules and general information con- 
cerning registered and standard outlines, in Section 2.2. 

2. Protrusions (flash) on the base plane surface shall not exceed 0.010 


inch (0.25mm). 
3. The dimension shown is for full leads. “Half” leads are optional at lead 
positions 
N N 


4. Dimension D does not include mold flash or protrusions shall not ex- 
ceed 0.010 inch (0.25mm). 

5. Eis the dimension to the outside of the leads and is measured with the 
leads perpendicular to the base plane (zero lead spread). 

6. Dimension E, does not include mold flash or protrusions. 

7. Package body and leads shall be symmetrical around center line 
shown in end view. 


(JEDEC MS-001-AB) 
8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


ac a Ca 
a 
ee ee 
Sa SI EO 
0.014 | 0.022 | 0356 | 0558 [| - | 
oo | oo | its [i7 [3 | 
0008 | 001s | 0204 | oset | 
oats | 0400 | ear [i082 [4 | 
a A 
[000 | oses [ree [325 [5 | 
0.240 | 0.280 | 6.10 7.11 6,7 


0.100 BSC 2.54 BSC 


— 
sal Ie 
© 
(o>) 


(JEDEC MS-001-AA) 
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


a 
a EL 
as 
Toris [oes [200 [496 
oe _| 0356 
a OC 

: 


7.62 


OL a 
ho] ow @|o 
co| pj = 
oT an Oo] a 
“J 
—_ 
ad, 


PE 

> 2st 0.240 
[2 [ o1008sC | 
pea 
| ee | 


2.54 BSC 
7.62 BSC 


0.300 BSC 
0.430 


8. Lead spacing e shall be noncumulative and shall be measured at the 
lead tip. This measurement shall be made before insertion into gaug- 
es, boards or sockets. 

9. This is a basic installed dimension. Measurement shall be made with 
the device installed in the seating plane gauge (JEDEC Outline No. 
GS-3, seating plane gauge). Leads shall be in true position within 
0.010 inch (0.25mm) diameter for dimension ea. 

10. eg is the dimension to the outside of the leads and is measured at the 
lead tips before the device is installed. Negative lead spread is not per- 
mitted. 

11. Nis the maximum number of lead positions. 

12. Dimension D, at the left end of the package must equal dimension D, 
at the right end of the package within 0.030 inch (0.76mm). 

13. Pointed or rounded lead tips are preferred to ease insertion. 

14. Forautomatic insertion, any raised irregularity on the top surface (step, 
mesa, etc.) shall be symmetrical about the lateral and longitudinal 
package centerlines. 
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Package Outlines 


Dual-In-Line Plastic Packages (DIP) 


(Continued) 
ae 
BASE PLANE D1 
SEATING PLANE ° 
INDEX AREA 
\ 


NOTES: 


1. 


Refer to JEDEC Publication No. 95 JEDEC Registered and Stan- 


_ dard Outlines for Solid State Products for rules and general in- 


formation concerning registered and standard outlines, in 
Section 2.2. 


. Protrusions (flash) on the base plane surface shall not exceed 


0.010 inch (0.25mm). 


. The dimension shown is for full leads. “Half leads are optional at 


lead positions 
N N 
TEN oe es 
5 5 +1 


. Dimension D does not include mold flash or protrusions shall not 


exceed 0.010 inch (0.25mm). 


. Eis the dimension to the outside of the leads and is measured 
with the leads perpendicular to the base plane (zero lead. 


spread). 


. Dimension E, does not include mold flash or protrusions. 
. Package body and leads shall be symmetrical around center line 


shown in end view. 


(JEDEC MS-010-AA) 
22 LEAD DUAL-IN-LINE PLASTIC PACKAG 


13. 
14. 
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sl 


¢ —_ 
i<e) 
So oO 


oO; oO 


1120 
ed 


Lo) 
cw 
fee) 
So 


. Lead spacing e shall be noncumulative and shall be measured at 


the lead tip. This measurement shall be made before insertion 
into gauges, boards or sockets. 


. This is a basic installed dimension. Measurement shall be made 


with the device installed in the seating plane gauge (JEDEC Out- 
line No. GS-3, seating plane gauge). Leads shall be in true posi- 
tion within 0.010 inch (0.25mm) diameter for dimension e,. 


. @g is the dimension to the outside of the leads and is measured 


at the lead tips before the device is installed. Negative lead 
spread is not permitted. 


. Nis the maximum number of lead positions. 
. Dimension D, at the left end of the package must equal dimen-. 


sion D, at the right end of the package within 0.030 inch 
(0.76mm). 

Pointed or rounded lead tips are preferred to ease insertion. 
For automatic insertion, any raised irregularity on the top surface 
(step, mesa, etc.) shall be symmetrical about the lateral and lon- 
gitudinal package centerlines. 


Package Outlines 


Small-Outline Packages (SOIC) 


NOTES: 

1. Refer to applicable symbol list. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusions and gate burrs shall not exceed 
0.15mm (0.006 inch) 

4. “D” and “E” are reference datums and do not include mold flash 
or protrusions. Mold flash or protrusions shall not exceed 
0.15mm (0.006 inch). 

5. The chamfer on the body is optional. If it is not present, a visual 

index feature must be located within the crosshatched area. 

. “L” is the length of terminal for soldering to a substrate. 
. “N” is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. Controlling dimension: Millimeter 


OOnN YD 


(JEDEC MS-012-AA) (Notes 1, 2, 3, 8, 9) 
8 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 


INCHES MILLIMETERS 


[Max [MIN [MAX | 
0.0688 
[Ar | 9.0040 | 0.0008 
[8 | 00186 [sore [oss [049 _| 
0.0075 [0.0098 [0.18 [025 | 
[0 [01890 [0.1968 | 480 [500 | 
SS 
BS 
zea | 02440 | 580 [620 | 
| =h | 0.0099 | 0.0196 | 0.25 
a 
NG 


(JEDEC MS-012-AB) (Notes 1, 2, 3, 8, 9) 
14 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 


0.009 
0.019 


[0.74 


0.3 
0.1497 0.1574 


(JEDEC MS-012-AC) (Notes 1, 2, 3, 8, 9) 
16 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 


INCHES 
symeoL | Mi 


0.0098 
0.0182 


| BT 

0.0075 .0098 
| oD .3859 

| EC .1497 .157 
ee oe 
[A | 02284 T 02040 
. 
as Be 
par ea 
pe | 


(JEDEC MS-013-AA) (Notes 1, 2, 3, 8, 9) 
16 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 


MILLIMETERS 


0.2914 0.2992 
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V2 


ORDERING INFO @ 


Package Outlines 


Dual-in-Line Frit-Seal Ceramic Packages 


(DIP) (JEDEC MO-001-AB)_ | 
14 LEAD FRIT-SEAL DUAL-IN-LINE CERAMIC PACKAG 
[WGHES 7 
= ee 
ie «| iM o20¢_[ 0304 | 1 
a7as_[ or | ees [ess | - 
[0300 | ~ones [72 _[ 825_| - | 
[e240 | 0260 | 610 | 660 | 
oo 
ae 
| Cate [ sar f 


S 
S 
>) 
Es | 
o 


(JEDEC MO-001-AC) | | 
16 LEAD FRIT-SEAL DUAL-IN-LINE CERAMIC PACKAGE 18 LEAD FRIT-SEAL DUAL-IN-LINE CERAMIC PACKAGE 


|_MAX | 
Roe 
ere 
| 0.020 _| 
F065 
. | 0.012 | 
oe 


i) 
nh 
fo?) 
oO 


NOTES: — es | 
Refer to Rules for Dimensioning (JEDEC Publication No. 95) for 4. a applies to spread leads prior to installation 
Axial Lead Product Outlines. 5. Nis the maximum quantity of lead positions. 
1. When this device is supplied solder-dipped, the maximum lead 6. N, is the quantity of allowable missing leads. 


thickness (narrow portion) will not exceed 0.013 inch (0.33mm). 
2. Leads within 0.005 inch (0.12mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 

- @, applies in zone L, when unit installed. 


.¢) 
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Package Outlines 


TO-5 Style Packages 
8 LEAD TO-5 STYLE WITH DUAL-IN-LINE FORMED LEADS 
(DILCAN) 
.335 - .370 
(8.51 - 9.39) 
DIA. 
185 MAX 
305 - 335 
ye: aaa) "—+| (4.70 MAX) 
015 i | recs an 
Py 1.78 - 3.81 
(39+ 1.27) 7} 120-.1 
(3.05-3.81) 


8 LEADS ale 125-.160 | 


.OI6=.019 (3.18-4.06) 
(.407 -.482) DIA. 
DIA. 


-200 (5.08) DIA. 


+ 
PIN CIRCLE wes e oni 


(7.62 £.38!) 


ep 


ala 


ri 


100 + .010 
(2.54 4.254) 
(3 SPACES) 300 +.010 
(7.62% .254) 


NON CUMULATIVE 


; inches 
All Dimensions Given in: —____—_— 
(Millimeters) 
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PACKAGING AND 


ORDERING INFO 


Package Outlines 


TO-5 Style Packages (Continued) 


(JEDEC MO-002-AL) 
8 LEAD TO-5 STYLE PACKAGE 


BASE 
PL 
SEATING 


[emer ee 


S15 
oOo 
m4 
a 


(JEDEC MO-006-AF) (JEDEC MO-006-AG) 
10 LEAD TO-5 STYLE PACKAGE 12 LEAD TO-5 STYLE PACKAGE 


NOTES: 
Refer to Rules for Dimensioning (JEDEC Publication No. 95) for § 3. Measure from maximum @D. 
Axial Lead Product Outlines. 4. N, is the quantity of allowable missing leads. 


1. Leads at gauge plane within 0.007 inch (0.178mm) radius of True 5. Nis the maximum quantity of lead positions. 
Position (TP) at maximum material condition. 

2. OB applies between L, and L,. OB2 applies between L, and 
0.500 inch (12.70mm) from seating plane. Diameter is uncon- 
trolled in L, and beyond 0.500 inch (12.70mm). 
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CA-Type Packaging and Ordering Information 


Linear (CA Series) 


Linear ICs are available in a wide variety of package 
designs. These packages are identified by suffix letters indi- 
cated in the chart below. When ordering Linear devices, it is 
important that the appropriate suffix letter be affixed to the 
type number as indicated on the price schedule. 


Dual-in-Line Ceramic i oe 
Dual-in-Line Plastic Laer 
Frit-Seal Dual-in-Line Ceramic 


Quad-in-Line Plastic 


Plastic Lead Chip Carrier 


Plastic Lead Chip Carrier 


Extra Value Screening 


Linear product with extra value screening has an X added to 
the standard type number in the price list, and is also 
branded as such. A white dot will indicate location of Pin 1. 


Example: 


A CAS3080E with Extra Value screening is designated 
CA3080EX in the price list. It is branded CA3080EX plus a 
white dot at pin number 1. 


Tape and Reel for Small-Outline Packages 


With the introduction of small-outline packages, Harris now 
offers its customers the convenient tape and reel style pack- 
aging. Small-outline devices, which can be tape and reeled, 
are denoted with the suffix “M96” or “AM96” in the linear and 
high speed logic product lines. Devices must be ordered in 
multiples of quantities listed below. Any returns must be full 
and unopened reels. 


LEAD TAPE REEL SIZE DEVICES 
COUNT WIDTH (mm) | (INCHES) PER REEL 


ee 


Product Flow 


STANDARD PRODUCT 


100% BURN-IN 
160 HOUR AT +125°C 
OR EQUIVALENT 


100% PARAMETRIC 
AND FUNCTIONAL 
TESTS AT +25°C 


SAMPLE 
ean 
FUNCTIONAL TESTS 


AT +25°C 
AQL = 0.025% 


ENHANCED 
PRODUCT 


a | PRODUCTION STATE OR PROCESS 


<> QUALITY ASSURANCE STEP 


12 


PACKAGING AND 
ORDERING INFO 
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Package Outlines — 


Single-in-Line Plastic Packages (SIP) 
9 LEAD SINGLE-IN-LINE PLASTIC 


ee — = 7 ee MAX. 


0-240-0.260 


2. 


0.090-0.120 
—}— 


0.125-0.150 


eaoeeteas al ~0.008-0.012 NOTE ! 


NOTE 2 


0.015-0.060 


us 0.065 


0-014-0.020-9 LEADS 


0.100 TYP 


NOTES: . 
1. A maximum of 0.013 inch on the lead thickness is to be maintained after solder coating on the narrow portion of the lead. 


2. Lead within 0.010 inch radius of true position (TP) with maximum material condition. 
D 
EQR L 
M (DIA.) 


TO-220 Style Plastic Packages 
== aa 
cree | Ba 
A 


(S1) SUFFIX (VERSA-VI, VERTICAL MOUNT) (S2) SUFFIX (VERSA-VI, HORIZONTAL MOUNT) 
5 LEAD PLASTIC PACKAGE 5 LEAD PLASTIC PACKAGE 


[CHES [MILLIMETERS 
sxwcon | Tita a 
344 | 1894 
es 
CN SL 
BM 
[| 0263 | 027s | 6ee1 [6004 | 
4266 
2580 | [S| 0100 | o10r [2540 [aaa 
0143 [0.163 [363 [4140 
[S| o2ae [0254 [e208 east 
. Pee | Se 
0496 [0508 [1260 ator | 0114 [2895 
[orao [0.150 [3586 es SO 3810 
ae eee Fee a ae 
p Pf 0014] 0.020 

| Of 0033 | 0.040 

ee 0.129 0.139 


rio 1727 | 1808 
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Package Outlines 


Single-in-Line Plastic Packages 
(Power SIP) TO-202 MODIFIED 


3 LEAD SINGLE-IN-LINE PLASTIC PACKAGE 


1. Package contour optional within dimensions specified. 
2. Lead dimensions uncon trolled in this zone. : 


PACKAGING AND 
ORDERING INFO 
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Package Outlines 


Single-in-Line Plastic Packages (SIP) 


(Z) SUFFIX (JEDEC MO-048 AB) 
15 LEAD PLASTIC SINGLE-IN-LINE PACKAGE 


-CL@ 1024/0631 G12) 
TYP ALL LEADS 


TAB_OETAIL 
OPTION 2 


NOTES: 
1. Refer to series symbol list, JEDEC Publication No. 95. 
2. Dimensioning and Tolerancing per ANSI Y14.5M-1982. 
3. Nis the number of terminals. 
4. Controlling dimension: Inch. 


2768 063 
HEADER 
. PLANE 


-110 BSC 


L 987 (TO HEADER) 


018 
934 PLATED 


15 SURFACES 


15 LEAD TIPS Sr eestn Be 


-700 BSC 
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098 _'oo15 


STAGGERED VERTICAL LEAD FORM 


482 
0.060 0.79 
17.63 

0-110 BSC 
0,080 80 


0.169 BSC 
0.700 BSC 


0.426 


4.29 BSC 
17.78 BSC 


S18 R TYP 


+.0025 


HEADER BOTTOM 


NOTE: 

Lead surfaces within 0.004 
of each other. No lead 

can be more than 0.004 
from the header plane. 


NOTE: Dimensions are. Dimensions are in inches. 


Package Outlines 


Dual-in-Line Plastic Packages (DIP) 


(E) SUFFIX 
8 LEAD DUAL-IN-LINE PLASTIC PACKAGE (MINI-DIP) 


Piro oa 

BASE PLANE a; MIN, [| MAX | MIN | MAX | 
\ Le 2 |S he pS. 
searing puane_\_L osoe | ta7 | - | 
GAUGE PLANE Pe L 0.014 0.020 | 0.356 | 0.508 | - | 
[ones [ones [ies [= 
0.012 0.203 | 0.304 | 1 | 
0.400 | 940 [1016 J - | 
Poses [vee [325 - 
0.260 6.10 | 660 J - | 
3 Es 


(E) SUFFIX (JEDEC MO-001-AB) 
14 LEAD DUAL-IN-LINE PLASTIC PACKAGE (MINI-DIP) 


BASE PLANE J 
ke -" 
SEATING PLANE \_. th i i 
GAUGE PLANE > = L 
—-| e1 bane — _ : 
L2 
BI B —e 
Cc INDEX AREA 0.260 
=) 


(Tt et 


BOTTOM VIEW E1 eA E 


ott 1 


NOTES: 
Refer to Rules for Dimensioning (JEDEC Publication No. 95) for 4. a applies to spread leads prior to installation 
Axial Lead Product Outlines. 5. Nis the maximum quantity of lead positions. 
1. When this device is supplied solder-dipped, the maximum lead 6. N, is the quantity of allowable missing leads. 


thickness (narrow portion) will not exceed 0.013 inch (0.33mm). 
2. Leads within 0.005 inch (0.12mm) radius of True Position (TP) at 

gauge plane with maximum material condition and unit installed. 
3. @, applies in zone Ly when unit installed. 


12-15 


12 
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ORDERING INFO 


Package Outlines 


Dual-in-Line Plastic Packages (DIP) 7 
24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


NOTES 


BASE PLANE 


SEATING PLANE 


@ 


GAUGE PLANE 
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0.100 


a 
cat 
- 
Eat 
ac 
Law 
Eel 
Cd 
SL 
| Cae 
Ea 
away 
fees 
ed 
<a 
ae 
ee 


NOTES: . 

Refer to Rules for Dimensioning (JEDEC Publication No. eee) for 
Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013 inch(0.33mm). 

2. Leads within 0.005 inch (0.12mm) radius of True Position (TP) at 

gauge plane with maximum material condition and unit installed. 

. @, applies in zone L, when unit installed. 

. & applies to spread leads prior to installation 

. Nis the maximum quantity of lead positions. 

. N, is the quantity of allowable missing leads. 


ont ® 
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Package Outline 


Dual-In-Line Plastic Packages (DIP) 


(Continued) 
poe 
BASE PLANE : D1 
SEATING PLANE ° he Mk 
INDEX AREA 1 
\ 8; ~B = Sen 
a | 
VIEW i 
= 


(E) SUFFIX (JEDEC MS-001-AC) 
14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


INCHES MILLIMETERS 
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7 > 
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oe 
—_ 
a 
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> ye) 
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ro) ro) 
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> 
_ 
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NOTES: 

1. Refer to JEDEC Publication No. 95 JEDEC Registered and Standard 
Outlines for Solid State Products for rules and general information con- 
cerning registered and standard outlines, in Section 2.2. 

2. Protrusions (flash) on the base plane surface shall not exceed 0.010 
inch (0.25mm). 

3. The dimension shown is for full leads. “Half” leads are optional at lead 
positions 

N N 1 
oo a 


4. Dimension D does not include mold flash or protrusions shall not ex- 
ceed 0.010 inch (0.25mm). 

5. Eis the dimension to the outside of the leads and is measured with the 
leads perpendicular to the base plane (zero lead spread). 

6. Dimension E, does not include mold flash or protrusions. 

7. Package body and leads shall be symmetrical around center line 
shown in end view. 


1,N 


(E) SUFFIX (JEDEC MS-001-AB) 
8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


oO 
Gd 
ve) 


=| oO 

=| ‘ 

aon} a 
ror) 


MN 
Oo 


o : 
b 
aw 
So 
OPN] SO] OTs 
Oo} — 
3] ol] & 
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NO 
© 
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0.300 0.325 
0.240 0.280 6.10 7.11 


Co 
Ca 0.300 BSC 7.62 BSC 


fo) 
pS 
(ee) 
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(E) SUFFIX (JEDEC MS-001-AA) 
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


0.558 


aX 
535] 
aces 


N e 


8. Lead spacing e shall be noncumulative and shall be measured at the 
lead tip. This measurement shall be made before insertion into gaug- 
es, boards or sockets. 

9. This is a basic installed dimension. Measurement shall be made with 
the device installed in the seating plane gauge (JEDEC Outline No. 
GS-3, seating plane gauge). Leads shail be in true position within 
0.010 inch (0.25mm) diameter for dimension ea. 

10. @g is the dimension to the outside of the leads and is measured at the 
lead tips before the device is installed. Negative lead spread is not per- 
mitted. 

11. Nis the maximum number of lead positions. 

12. Dimension D, at the left end of the package must equal dimension D, 
at the right end of the package within 0.030 inch (0.76mm). 

13. Pointed or rounded lead tips are preferred to ease insertion. 

14. For automatic insertion, any raised irregularity on the top surface (step, 
mesa, etc.) shall be symmetrical about the lateral and longitudinal 
package centerlines. 
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Package Outlines 


Dual-In-Line Plastic Packages (DIP) 


(Continued) 
Pa D a 
BASE PLANE D1 
SEATING PLANE’ MoM - 
| | L 
——_____b 
enringee ‘. oie B ee 
pes o 2 ae 2 
| T! 
VIEW 
i 
(E) SUFFIX (JEDEC MS-001-AF) 
24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
[CHES [MILLIMETERS] 
Pmin [MAX [Min | MAX_| NoTES 
I Ee 
Poors [ - [om | - | 9 | 
[Ae fonts [ones [20s [405 
I 
a 
oo1s | 0204 | 0381 [ 
a a a Oe 
TO a 
a 
[= | 0240 [0200 [ei [7 [67 | 
Ce Se oe 
[es | osooesc | 7ezssc [8 
OO 
Poris [ oreo [203 [405 [9 


NOTES: 

1. Refer to JEDEC Publication No. 95 JEDEC Registered and Standard 
Outlines for Solid State Products for rules and general information con- 
cerning registered and standard outlines, in Section 2.2. 

2. Protrusions (flash) on the base plane surface shall not exceed 0.010 


inch (0.25mm). 
3. The dimension shown is for full leads. “Half” leads are optional at lead 
positions 
N N 


4, Dimension D does not include mold flash or protrusions shall not ex- 
ceed 0.010 inch (0.25mm). 

5. Eis the dimension to the outside of the leads and is measured with the 
leads perpendicular to the base plane (zero lead spread). 

6. Dimension E,; does not include mold flash or protrusions. 

7. Package body and leads shall be symmetrical around center line 
shown in end view. 


(E) SUFFIX (JEDEC MS-001-AD) 
18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


INCHES MILLIMETERS 


c 


rm] o 
oO; ® 
wi © 
> OO 
i¢e) Go 
o1 aw 


© 
as 
oh, 
or 
r=) o} 
— Rok 
NI 
ol © 
N : 
a, 
oh, 
p-S 


Sis 
=) 
anh 
> 
© ° 
a) 
a 
ron) 


ie (Be 4) 0.022 0.55 
| By 0.070 1.77 
0.008 0.204 0.381 


21.47 23.49 


© 
* 
nN 
fee) 


=) 
re) 


oO : 
— 
(ee) 


Fe. | 825 


=) 
NO 
© 
oO 


[0.005 

es 
ee | 
[e_ | _010Bsc__ [254850 
72850 
Me! 


a CO 
Te | 0160 203_[ 408 [3 
| fae 


(E) SUFFIX (JEDEC MS-011-AA) 
24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
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8. Lead spacing e shall be noncumulative and shail be measured at the 
lead tip. This measurement shall be made before insertion into gaug- 
es, boards or sockets. 

9. This is a basic installed dimension. Measurement shall be made with 
the device installed in the seating plane gauge (JEDEC Outline No. 
GS-3, seating plane gauge). Leads shall be in true position within 
0.010 inch (0.25mm) diameter for dimension e,. 

10. @, is the dimension to the outside of the leads and is measured at the 
lead tips before the device is installed. Negative lead spread is not per- 
mitted. 

11. Nis the maximum number of lead positions. 

12. Dimension D, at the left end of the package must equal dimension D, 
at the right end of the package within 0.030 inch (0.76mm). 

13. Pointed or rounded lead tips are preferred to ease insertion. 

14. For automatic insertion, any raised irregularity on the top surface (step, 
mesa, etc.) shall be symmetrical about the lateral and longitudinal 
package centerlines. 
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Package Outlines 


Dual-in-Line Plastic Packages (DIP) (Continued) 


BASE PLANE 


SEATING PLANE 


INDEX AREA 
\ 
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(E) SUFFIX (JEDEC MS-011-AB) 
28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
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NOTES: 

1. Refer to JEDEC Publication No. 95 JEDEC Registered and Standard 
Outlines for Solid State Products for rules and general information con- 
cerning registered and standard outlines, in Section 2.2. 

2. Protrusions (flash) on the base plane surface shall not exceed 0.010 
inch (0.25mm). 

3. The dimension shown is for full leads. “Half” leads are optional at lead 
positions 

1,N a ae +1 


4. Dimension D does not include mold flash or protrusions shall not ex- 
ceed 0.010 inch (0.25mm). 

5. Eis the dimension to the outside of the leads and is measured with the 
leads perpendicular to the base plane (zero lead spread). 

6. Dimension E, does not include mold flash or protrusions. 

7. Package body and leads shall be symmetrical around center line 
shown in end view. 
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(E) SUFFIX (JEDEC MS-011-AC) 
40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
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8. Lead spacing e shall be noncumulative and shall be measured at the 
lead tip. This measurement shall be made before insertion into gaug- 
es, boards or sockets. 

9. This is a basic installed dimension. Measurement shall be made with 
the device installed in the seating plane gauge (JEDEC Outline No. 
GS-3, seating plane gauge). Leads shall be in true position within 
0.010 inch (0.25mm) diameter for dimension e,. 

10. eg is the dimension to the outside of the leads and is measured at the 
lead tips before the device is installed. Negative lead spread is not per- 
mitted. 

11. Nis the maximum number of lead positions. 

12. Dimension D, at the left end of the package must equal dimension D, 
at the right end of the package within 0.030 inch (0.76mm). 

13. Pointed or rounded lead tips are preferred to ease insertion. 

14. For automatic insertion, any raised irregularity on the top surface 
(step, mesa, etc.) shall be symmetrical about the lateral and lon- 
gitudinal package centerlines. 
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Package Outline 


Small-Outline Packages (SOIC) 


NOTES: 

1. Refer to applicable symbol list. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1$82. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusions and gate burrs shall not exceed 
0.15mm (0.006 inch) 

4. “D” and “E” are reference datums and do not include mold flash 
or protrusions. Mold flash or protrusions shall not exceed 
0.15mm (0.006 inch). 

5. The chamfer on the body is optional. If it is not present, a visual 

index feature must be located within the crosshatched area. 

. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. | 

. Terminal numbers are shown for reference only. 

. Controlling dimension: Millimeter 


oON OD 


(M) SUFFIX (JEDEC MS-012-AA) (Notes 1, 2, 3, 8, 9) 
8 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 


(M) SUFFIX (JEDEC MS-012-AB) (Notes 1, 2, 3, 8, 9) 
14 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 


(M) SUFFIX (JEDEC MS-012-AC) (Notes 1, 2, 3, 8, 9) 
16 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 
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0.1497 
1.27 BSC - 


0.050 BSC 


(M) SUFFIX (JEDEC MS-013-AA) (Notes 1, 2, 3, 8, 9) 
16 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 
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Package Outlines 


Quad-in-Line Plastic Packages 


(Q) SUFFIX, 16 LEAD 
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745, (‘e:93) 
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Plastic Chip Carrier Packages 


0.042 (1.07) 
; PIN (1) IDENT 
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[006 (0.10) {¢] 


0.025 (0.64) a 


.050 (1.27) TP 
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iL__J DIMENSIONED FROM 


0.020 (0.51) 
MIN. 


SEATING 
0.020 (0.51)'MAX 
as 0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 
[ 0.021 (0.53) 
MENSIONS IN PARENTHESES |" eozs — 
DIME iw. 
ARE MILLIMETER EQUIVALENTS 0.060 (1.52) 
OF THE BASIC INCH DIMENSIONS MIN. 
VIEW “A” TYP. 


.200 [ses 
3.94 


RECOMMENDED MOUNTING 
HOLE DIMENSIONS AND SPACING 


= eee GS ae ae eee 


) sh 


.030 (.76) DIA. 
16 HOLES 
(IN CIRCUIT BOARD) 


NOTES: 
1. Body width is measured 0.040 inch (1.02mm) from top surface. 
2. Seating plane defined a the junction of the angle with the narrow 
portion of the lead. 


; sa gle Inches 
All dimensions given in: 


(Millimeters) 


(Q) SUFFIX (JEDEC MO-047-AC) 
44 LEAD SQUARE SURFACE-MOUNT PLASTIC PACKAGE 


v7. 
16.662 
16.00 
3 


1. To be determined at seating plane. 

2. Dimensions D, and E, do not include mold protrusions. Allowable 
mold protrusion is 0.254mnv0.010 inch. 

3. “N” is the number of terminal positions. 

4. Controlling dimenstion: inch. 

5. Allleads at seating plane to be coplanar within 0.004 inch. 


PACKAGING AND 
ORDERING INFO 
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Package Outlines 


Dual-In-Line Welded-Seal Ceramic Package surrix 
16 LEAD DUAL-IN-LINE WELDED-SEAL CERAMIC PACKAGE 
Qi 
Se 


MILLIMETERS 
= - 
SEATING PLANE ar } t 
GAUGE PLANE At: ! L 
—e| ot n 
= 


BASE PLANE 


>) 
Oo 
oO 
© 


olslo 
4 © 

=a 
foe) > 
° S 
oO a 
= rer) 
nN oO 


B L2 


S{olo 
Nh N 
- os 
© on 
) 
5 


Cc ‘INDEX AREA 


” | BOTTOM VIEW t CA E 
ah oni S) 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) for 4. a applies to spread leads prior to installation 
Axial Lead Product Outlines. 5. Nis the maximum quantity of lead positions. 

1. When this device is supplied solder-dipped, the maximum lead 6. N, is the quantity of allowable missing leads. 
thickness (narrow portion) will not exceed 0.013 inch(0.33mm). 

2. Leads within 0.005 inch (0.12mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 

3. @, applies in zone L, when unit installed. 
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Package Outlines 


Dual-in-Line Frit-Seal Ceramic Packages 
(F) SUFFIX (JEDEC MO-001-AB) 
14 LEAD FRIT-SEAL DUAL-IN-LINE CERAMIC PACKAGE 


pe Sais INCHES 
BASE PLANE a s SYMBOL 


romnerne \ A 0.155 0.20: 
A 0.020 0.05: 


i} 008 
INDEX 
AREA a x a ‘ 


| 0.050 | 
C 
0.770 | 18.93 
0.325 


0265 | 0285 
(F) SUFFIX (JEDEC MO-001-AC) (F) SUFFIX 
16 LEAD FRIT-SEAL DUAL-IN-LINE CERAMIC PACKAGE 18 LEAD FRIT-SEAL DUAL-IN-LINE CERAMIC PACKAGE 


(=) 
oa 
oO 


pe) 
oO 


© Oo; o 
N olo 
fon) ron 
a na 
=o] a 
i | Ml ho 
aloln 
rors 
oO 
roe) 
© 


S| ° 
NOT G 
[oe] Maye) 
ni o 
N 


oO 
E 
on 
Co 
(Hy) 
— 
ro) 


| 3.8 
0.76 
ae 


0.060 0.39 


NOTES: 
Refer to Rules for Dimensioning (JEDEC Publication No. 95) for © 4. Q applies to spread leads prior to installation 
Axial Lead Product Outlines. 5. Nis the maximum quantity of lead positions. 


1. When this device is supplied solder-dipped, the maximum lead 6. N, is the quantity of allowable missing leads. 
thickness (narrow portion) will not exceed 0.013 inch(0.33mm). 

2. Leads within 0.005 inch (0.12mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 

3. @, applies in zone L, when unit installed. 


PACKAGING AND 
ORDERING INFO 
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Package Outline 


Dual-in-Line Frit-Seal Ceramic Package (DIP) (Continued) 


NOTES: . 


oan sth ® 


D . 
BASE PLANE S 


SEATING PLANE 


GAUGE PLANE 


INDEX AREA i { 
By 
c 


m 


Pa : 


(F) SUFFIX 
24 LEAD FRIT-SEAL DUAL-IN-LINE CERAMIC PACKAGE 
Refer to Rules for Dimensioning (JEDEC Publication No. 95) for | | _INCHES MILLIMETERS 
Axial Lead Product Outlines. | | MIN | MAX | MIN | MAX | NOTES 

. When this device is supplied solder-dipped, the maximum lead 0.120 3.10 

. thickness (narrow portion) will not exceed 0.013 inch(0.33mm). fees 

. Leads within 0.005 inch (0.12mm) radius of True Position (TP) at : mae 

gauge plane with maximum material condition and unit installed. | B | 0.016 | 0.020 | 0.407 0508 | - | 

. @, applies in zone L, when unit installed. 0.028 0.070 0.72 1.77 

. @ applies to spread leads prior to installation 0.204 

- Nis the maximum quantity of lead positions. : = : 

. N, is the quantity of allowable missing leads. | D | 1.200 1.290 } 30.48 3276 | - 
Pe, | osis [0580 [1300 [rare 
| ey 0.100 TP | 2.54 TP Paes 
| ea 0.600 TP 15.24 TP | 2,3 | 
0.100 | 0200 | 254 | 500 | - | 
000 | 0.030 | 000 [07s | - | 
aes a a ee ee 
TN ne 
ee ee ee es 

0.040 0.075 102 | 190 J - | 
aoa [otoo f 702 [ase [ - 
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Package Outlines 


TO-5 Style Packages 


A 
ACANE \ 
SEATING 
PLANE 


GAUGE 
PLAN 


(T) SUFFIX (JEDEC MO-006-AF) 
10 LEAD TO-5 STYLE PACKAGE 


MILLIMETERS 


0.230 TP 


© 
—_ 
© 
oO 


fo) 
oO 
= 
(fe) 
[o) 


0.021 0.533 
0.37 
0.33 
0.04 
0.0 


0.04 


0.407 
8.51 
7.75 
0.51 
0.712 
0.74 
0 


1.01 | 
0.86 
1.14 
1.27 
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o| 9] ° © 
y —_ 
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© 
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—_] oa 
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NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) for 
Axial Lead Product Outlines. 

1. Leads at gauge plane within 0.007 inch (0.178mm) radius of True 
Position (TP) at maximum material condition. 

2. OB applies between L1 and L2. @B2 applies between L2 and 
0.500 inch (12.70mm) from seating plane. Diameter is uncon- 
trolled in L1 and beyond 0.500 inch (12.70mm). 


(T) SUFFIX (JEDEC MO-002-AL) 
8 LEAD TO-5 STYLE PACKAGE 


Twain [ wa [wn [Ma 

FO [0060 

0.185 
ra IC I 
(28, [ oes [0.160 | 318 | 406 
oI | 00a | 0.07 
[9b | oms [0370 | as1_| 939 
[96,_[ 0.305 _| 036 
0020 | 0.040 
Me, 
0048 
. 


(T) SUFFIX (JEDEC MO-006-AG) 
12 LEAD TO-5 STYLE PACKAGE 


INCHES MILLIMETERS 


: 5.84 TP 
ee 
0.078 | 
oa 
. 
a5 


7.75 
0.51 
0.712 
0.74 
0.000 


4.19 
.407 


jee) 
ine) 
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1.01 
0.86 
1.14 
1.27 
2.7 
4.27 
30° TP 


{ge 
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[| 0.000 [0.060] 
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3. Measure from maximum OD. 
4. N1 is the quantity of allowable missing leads. 
5. Nis the maximum quantity of lead positions. 


12-25 


PACKAGING AND 


ORDERING INFO 


Package Outlines 


TO-5 Style Packages (Continued) 


(S) SUFFIX 
8 LEAD TO-5 STYLE WITH DUAL-IN-LINE FORMED LEADS 
(DILCAN) 
.335 - .370 
(8.51 - 9.39) 
DIA. 
7 .185 MAX 
305 - 335 (4.70 MAX) 
(7.75 - 8.50) 
bie Ps se - eo 
-. 1.78 ~-3.81 
(.39 - 1,27) | 120-.150 
(3.05-3.81) 


| 8 LEADS f : 25-160? 


.O16=.019 (3.18- 4.06) 
(.407 -.482) DIA. 
DIA. 


.200 (5.08) DIA. .300 £ O15 


PIN CIRCLE (7.62 + .38)) 
100 + .O10 
(2.54 4.254) 
(3 SPACES) .300 £.O10 
(7.624.254) 


NON CUMULATIVE 


: J : : Inches 
All Dimensions Given in: ——_—_—___ 
(Millimeters) 
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ICL-Type Packaging and 


Ordering Information 


Ordering Information 
Device Family Prefixes Pin Count Designator 


| PREFIX | DEVICE FAMILY PIN 
COUNT DIAMETER 


National Semiconductor Alternate Source 


Temperature Range Designators 


| SUFFIX | TEMPERATURE RANGE 
Commercial: 0°C to +70°C 


Industrial: Either -25°C to +85°C or -40°C to +85°C 
(Specified on Datasheet) 


pM Military: -55°C to +125°C 


oa as oe (0.200” pin circle, isolated case) 
PW [| 0 ncn ae 
(0.230” pin circle, case to pin 5) 

SY | 8 (0.200” pin circle, case to pin 4) 
| z | 8 | (0.230” pin circle, case to pin 5) 


Package Type Designators 


8 
8 
a 
a 


Part Numbering System 
All Intersil Part Numbers consist of a Device Family Prefix, a Basic Numeric Part Number, and an Option Suffix, as follows: 
1,20R3 3,4 OR 5 DIGIT 
DIGIT UNIQUE DEVICE 3 OR 4 DIGIT 
PREFIX NUMBER OPTION SUFFIX HIGH RELIABILITY DESIGNATOR 
XXX XXXX X X X X X IXXXX 


L Pin Count Designator 
Package Type Designator 


Temperature Range Designator 


Electrical Option Designator Only. Used if 
more than one electrical option is 
available. 


Variation of basic device type designator. Only 
used if more than one basic device is available. 


3 or 4 digit basic device type part number 


Device family prefix 
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PACKAGING AND 


ORDERING INFO 


Package Outlines 
IN-LINE 


ao See 


0.250 + 0.010 


6.35 = .254 
0.310 + 0.010 


Sa 0.065 “~~ (7.87 * .25) 


(1.651) 
0.390 MAX 0.130 + 0.005 
.U20 9.91 MAX (3.302 + .127) 


(0.508) 


roe ane a, ee 
| | a 0°-15° TYP 
110 (2.794) | 


023 (.584) 0,125 MIN 
“090 (2-286) | “974 (356) 13.175) 
070 (1.778) 


Sc sseubsndepmamnimanainmmccecas ool 


030 (.762) 


| PD 14 LEAD PLASTIC DUAL-IN-LINE 


den 


0.250 + 0.010 0.310 + 0.010 
(6.35 + .254 (7.874 + 0.254) 


.770 (19.558) MAX | 
0.130 + 0.005 


.060 (1.524) eens 
.015 (0.381) (3.302 + .127) 


.015 (0.381) 
008 (0.2032) 


.110 (2.794) 060 (1.524) 023 (.5842) 
(090 (2.286)  .045 (1.143) 015 (.3810) 


Inches 
All Dimensions Given in: ——___—_—- 
(Millimeters) 
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Package Outlines 
| PE 16 LEAD PLASTIC DUAL-IN-LINE 


— 


-250 + .010 
6.35 + .264 


I 


0.310 + 0.010 
7.874 = 0.254 


0.770 MAX 


3.302 = 0.127 
060 (1.524) 


—=s 


Sea 
i —t | -+ 


110 (2.794) 060 (1.524) 023 (584) —= 0°-15° 
090 (2.286) 045 (1.143) .015 (381) 


: ; nee Inches 
All Dimensions Given in: ——___—— 
(Millimeters) 


PACKAGING AND 
ORDERING INFO 
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Package Outlines 
| BA | 8 LEAD SMALL OUTLINE (SOIC) 


(3914051) +051) 7°+1° TYP 
TYP 


£36 +.002 


—— ene 


(914.051) ° Folia? “snd sa (4.904.051) 
—~-— MIN LENGTH OF 
FLAT AREA 
TYP ALL LEADS 


EJECTOR PIN 


/ SEE DETAIL A 


PARTING LINE 


DETAIL A 


, ' ; : Inches 
All Dimensions Given in: ——__—____ 
(Millimeters) 
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Package Outlines 
8 LEAD CERAMIC DUAL-IN-LINE 


0.020 | 
0.016 =! 


14 LEAD CERAMIC DUAL-IN-LINE 


0.320 (8.128) 
0.290 (7.366) 


0.310 (7.874) 
0.240 (6.096) 


eee ee 


-200 (5.08) 0.180 (4.572) 
MAX 0.140 (3.556) 


0.780 (19.812) MAX 


0.200 (5.08) 
0.125 (3.175) 


0.400 (10.16) 
0.070 (1.778) 0.023 (0.584) 0.330 aa 


0.030 (0.762) 0.015 (0.381) 


: . : . Inches 
All Dimensions Given in: —__——_—_—_ 
(Millimeters) 
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PACKAGING AND 


ORDERING INFO 


Package Outlines 


| 16 LEAD CERAMIC DUAL-IN-LINE 


~ 0.200 (5.08) 


0.310 (7.874) | 
0.280 (7.112) 


; ; ae Inches 
All Dimensions Given in: 


(Millimeters) 
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Package Outlines 
18 LEAD CERAMIC DUAL-IN-LINE 


.200 (5.08) 0.180 (4.572) 

MAX i 0.140 (3.556) 

4 0.200 (5.08) 

0.060 (1.524) 0.125 (3.175) 
0.015 (0.381) 


t (0.381 
—>| — >| (0.203) 015° 
0.110 (2.794) 0.070 (1.778) 0.023 (0.584) 


0. (2.286) 0.030 (0.762) 0.015 (0.381) 


. : ; wee Inches 
All Dimensions Given in: 


PACKAGING AND 
ORDERING INFO 


(Millimeters) 
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Package Outlines | | 
8 LEAD 0.230 PCD TO-99 METAL CAN 


8 LEAD TO-99 METAL CAN 


0.350—0.370 
(8.890—9.398) 


UT 


Sages 


ait oi (( | ( ae 


0.335—0.315, 
0.315—0.335 (8.509 — 8.001) 


me 


INSULATOR 
010—0.040 
(.254 — 1.016) 


0.016—0.019 


(0.406 —0.483) 


0.034—0.028 
(0.864 —0.711) 


-370—-.335 
{2.398—8.509) 


-395—.305 
(8.509~-7.747) 


.040— 1.016 


MAX 


f 


-045 —.029 


\e kSem 


a) 28 
(.664—.711) 
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_ All Dimensions Given in: 


___ 0.370—0.350 
(9.398 — 8.890) 
DIA 


| 0.185 — 0.165 


| (4.699 — 4.191 


0.500 
(12.7) 
MIN 


.010—0.040 
(.254— 1.016) 


as OFF 


(1.143 —0.737) 


Inches 
(Millimeters) 


POWER ICs 


SALES OFFICES 


A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is available. Please order the 
“Harris Sales Listing” from the Literature Center (see page i). 


—HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS EUROPEAN HEADQUARTERS 
Harris Semiconductor Harris Semiconductor 
1301 Woody Burke Road Mercure Centre 
Melbourne, Florida 32902 Rue de la Fusse 100 
TEL: (407) 724-3000 1130 Brussels, Belgium 

TEL: (32) 2-246-21.11 
SOUTH ASIA NORTH ASIA 
Harris Semiconductor H.K. Ltd Harris K.K. 
13/F Fourseas Building Shinjuku NS Bldg. Box 6153 
208-212 Nathan Road 2-4-1 Nishi-Shinjuku 
Tsimshatsui, Kowloon Shinjuku-Ku, Tokyo 163 Japan 
Hong Kong TEL: (81) 03-3345-8911 


TEL: (852) 3-723-6339 


INTELLIGENT POWER PRODUCTS TECHNICAL ASSISTANCE AVAILABILITY: 


UNITED STATES CALIFORNIA Costa Mesa................. 714-433-0667 
Sal JOSO es os 4064s owe ey 408-922-0977 
Woodland Hills............... 818-992-0686 
FLORIDA Melbourne .................. 407-724-3551 
GEORGIA NOIClOSS 5 so owe baka oe es 404-447-9022 
ILLINOIS Schaumburg ..............6- 708-240-3499 
MASSACHUSETTS BUMINQtON:. 66 seiandice Sw tax 617-221-1850 
NEW JERSEY Mt. Laurel................... 609-727-1909 
NEW YORK Great Neck.................. 516-829-9441 
TEXAS 8 | | en 214-733-0800 
INTERNATIONAL FRANCE Pals) 2a cat teceebesnanenack 33-1-346-54046 
GERMANY MUNICH eno ae Sheets ets 49-8-963-8130 
HONG KONG KOWIOON wis oka leke een ews 852-723-6339 
ITALY MNANO Miao oe ts See Sie be ek Ss 39-2-262-22141 
JAPAN TOR V0 ical inetd aede 81-03-345-8911 Gj 
O 
KOREA SOOU) ee oN aw arnee ed es 82-2-551-0931 u 
‘e) 
UNITED KINGDOM Camberley.............eeee. 44-2-766-86886 wt 
< 
nw 
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